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ADVERTISEMENT 

TO THE AMERICAN EDITION. 



The increasing interest felt on the subject of Railroads has 
led to the republication of the present pamphlet. The value 
of stationary and of locomotive power is fully discussed in the 
subsequent pages by Walker and Rastrick, who were advocates 
of the first method, and by Locke and the Stephensons, who 
advocated, and have successfully introduced the latter on the 
Manchester and Liverpool Railroa(|< 

The description of this stupendous undertaking, by Mr.Booth, 
will prove to our readers that the difficulties to be surmounted 
were without a parallel, ^nd, consequently, afford no data for 
estimating the usual cost of Railroads. In the Appendix the 
cost is stated in detail:— it appears that the bridges alone, on 
this road, (which extends only thirty-one miles,) have cost 
£108,565 lis. 9d. The land has cost ^105,282 148. 3d. (ex- 
clusive of the land purchased in Manchester and Liverpool.) 
TTiese two items, alone, exceed the whole estimated cost of the 
Pennsylvctnia Railroad from Columbia to Philadelphia, which is 
nearly thrice the length of this road. The actual cost of 40-^ 
miles now finished (with the exception of the rails and their 
blocks) has been 2^81,r55 14 cents; being only S6,93£^ per 
mile! This Railway extends 81 1 miles. The following official 
account of the work may be interesting. 

** On the SO miles of road formation from the Schuylkill Ri- 
ver, westward, the cost of construction was much increased by 
the undulatory nature of the country. Several deep excava- 
tions through rock and hard state were required, and in some 
instances considerable embankments formed. Of the former, 
152 chains in length were excavated, the greatest depths of the 
particular portions varying from 14 to 26 feet, and of the lat- 
ter, 51 chains in length, from 16 to 39 feet. The curves upon 
this division vary from 631 feet radius, to 1891 feet. In the 



distance of £0 miles, but 56 chains of curvature is formed from 
the lesser radius: the amount of straight line is 11 miles. 

*^ On the £0 miles of road, west of the Susquehanna River, 
the excavations and embankments, with one or two exceptions, 
are moderate. The bridges across the Big and Little Cones- 
toga and mill creeks are large structures. That across Big Co- 
nestoga is 1400 feet in length: the number of stone piers is ten, 
and the two highest are each 60 feet The piers and abutments 
contain 83 1£ perches of masonry. Little Conestoga bridge is 
804 feet in length, with five stone piers, the highest of which 
is 47 feet. The masonry of this bridge contains 3326 perches. 

*^The following statement from the Canal Commissioners' Re- 
port, of 1830, shows the expense of road formation of the 
40^^ miles finished: — 

Cost of excavating, embanking, &c. 40^^o miles SSI 64,441 10 
10 road and farm bridges, stone abutments, 
wooden superstructure, span from 31 to 54 

feet - 13,217 53 

12 bridges, forming 510 feet of the Railway 

line, principally stone arches - - - 9,401 28| 

5 bridges, forming 3578 feet of the Railway - 63,735 29 

25 stone culverts, whole span 128 feet - - 8,406 49 

70 miles of fencing 32,592 71 

For repairing and protecting embankments - 3,528 64 

Incidental expenses 1,272 55^ 

Engineers, superintendents, &c. - - - 21,509 00 
Additional amount to pay engineers, superin- 
tendents, and contingent expenses - - 2,000 00 
Amount paid as damages .... 5^ £9 

Total cost of 40^ miles - - 8320,629 89 
From this deduct for the value of stone obtained 
in the excavations which will be used for the 
foundation of the rails .... 38,871 75 



Leaves - - - g2M,75j 14 



And the average per mile of road formation, including all 
charges, is 86,932^." 



!Zb the Directors of the I4v€rpool and Manchester 

JRailioajf Company. 



Thb general question submitted for Mr. Ras- 
trick's and my consideration, may be shortly stated in the 
following words: — 

^^fFhaty under all circumstances^ is the best descrip- 
tion of moving power to be Wiployed upon Liverpool 
and Manchester JRailwayP^ 

The comparatiye advantages of the different kinds of 
power applicable to Rail-roads generally, is at the present 
time a very interesting question, the difficulty and import-^ 
ance of which, as a matter of science, are much increased 
by the magnitude of your concern, and by the various con- 
siderations necessary to be embraced and balanced previ- 
ously to arriving at any decision that would be useful to 
you, or consistent with the confidence you have placed 
in us. 

The paper that was handed to us when we attended your 
meeting at Liverpool, has proved to us that you are fully 
aware of the points to which I refer* I have endeavoured 
to view them without prejudice, being assured that as a short 
time must show the true merits of the various modes of 
conveyance as applicable to your case and to others, I should 
• as a professional man, but ill discharge my duty to you, or 
consult my own interest, by allowing my judgment to be 
warped from advising that course which, from the best in- 
formation I have been able to collect, it will be advantage- 
ous for you to follow. I may here also take leave to say 



of Mr. Rastricky that in eyery thing connected with our in« 
qairy, and the conclusions we have arrived at, I have seen 
nothing like prejudice for or against any particular system, 
beyond what arose from his minute attention to the merits 
of each, and from the result of a yery laborious inrestiga* 

tion. 
It may be proper to gire you, in a few sentences, an ab-* 

stract of our proceedings, that you may know how our time 

» •» 

has been occupied. 

On the 10th of January I arrived at Stourbridge, where 
I was joined by Mr. Rastrick; another reason for my going 
there being to see a locomotive Engine intended for Ame* 
rica, which has just been completed by him, with some im*" 
provements and alterations, I had not before seen. 

On the 13th January, the day after we attended you, 
we proceeded with Mr. Stephenson along the line of jout 
Railway, and on the 14th arrived at Manchester. I think 
it unnecessary to occupy your time by any report on the 
progress of your great work, which must be well known 
to you, farther than by remarking, that the works appear 
to be done in a very substantial manner, and that as re^ 
spects the strength of the rails, the size of their supports, 
and the great pains taken in the cuttings and embankments 
to reduce the inequdities of level, the Liverpool and Man- 
chester Railway is very superior indeed to any thing of the 
kind that has yet been done. 

On the 15th Mr. Stephenson accompanied us to the Bol- 
ton Railway, lately executed under his direction. The 
principal object of our survey there was a locomotive En- 
gine made by him upon what he considers the best princi- 
ple of any he has yet constructed, and the report we have 
^ince received from Mr. Sinclair, clerk to the company, (to 
which I shall afterwards have occasion to refer,) proves the 
:great power which the Engine is capable of exerting. 

On the 16th we arrived at Liceds, Mr. Stephenson having 
previously left us. Here we examined Mr. Blenkinsop'ti 



ZSngine upon the Middleton Rail-road. We aaw it inake> 
a journey with 38 wagons, each containing 45 cwt of coals, . 
which, considering the small size of the Engine, exceeded 
our expectations, as we were told that a part of the way is 
level. We therefore requested Mr. Blenkinsop to furnish 
us with farther particulars of expense and performance, 
which he has kindly and gratuitously done, and has allowed 
an exact measurement and section of the way to be taken 
for our use. 

The 17th, 18th, 19th, aud 20th January, we passed at 
Darlington, and upon the Stockton and Darlington Railway. 
Here was the largest field for observation we had yet seen, 
there being several locomotive Engines, of different forms 
and power; horses also are employed upon the same part 
of the line. Towards the upper end of it there are two in-» 
clined planes, with stationary Engines. We had therefore 
the opportunity of seeing various modes of working, and 
of collecting information, which was liberally given to us, 
and which was the more to be valued, as neither the very 
active and intelligent Directors whom we saw, nor their 
Agents, appeared to have any object in view but to ad- 
vance the prosperity and usefulness of their concern, and 
to extend the results of their experience for the information 
of others. 

On the 21st we proceeded to Sunderland, and on this and 
the following day we examined the line of the Hetton Rail* 
way, upon the lower part of which the work was, until 
within a few years, done by locomotive, but is now per- 
formed by stationary Engines, upon the reciprocating prin- 
ciple; the middle part is a series of inclined planes worked 
by stationary Engines, and upon the mile and half nearest 
the pits the locomotives are still used. From the different 
Agents upon this Colliery, we received very freely every 
assistance they could afford us; and Mr. Wood, the compa- 
ny's cashier, has, at our request, given us farther details, 
and besides taking an accurate section of the whole road 



x^ 



expressly for our use, has furnished us with an account of 
every particular of expense, and a detailed statement of the 
yarious powers and modes of working upon the line. 

From Hetton we proceeded on the evening of the 22d 
to Newcastle, and we remained in that neighbourhood un- 
til the 29th. From the 23d' till the 26th, inclusive, we 
were employed in arranging the observations of the past 
week, in meetings with Mr. Thompson, the Patentee of 
the reciprocating system by fixed Engines, and with Mr. 
Wood, the Manager of the Eillingworth Collieries and 
author of the well-known treatise upon Rail-roads, both of 
whom seemed disposed to forward the object of our inqui- 
ry; Mr. Thompson having also allowed us to extract from 
his private book the details of expense and of work done 
upon the Brunton and Shields Railway, with much valua- 
ble general information on the subject. Thus, although the 
fall of snow prevented our getting out until the 27th, our 
time was fully and I trust usefully employed.- The whole 
of the 27th was occupied upon the survey of the Brunton 
and Shields Road, which was constructed by Mr.. Thomp- 
son upon his patent plan. Respecting the merits of the 
general principle I shall of course have occasion to say a 
good deal hereafter, but with regard to neatness of execui* 
tion, despatch, aind methodical system and arrangement, 
there is not, I believe, any road at present in use to be com- 
pared to this. 

The surveys and experiments at Killingworth, in which 
we were assisted by Mr. Wood, occupied the whole of the 
28th, and on the 29th we left Newcastle. 

It is but justice to say, that in every quarter where we 
applied, information has been most liberally afforded us, 
and in some cases before the parties knew who we were or 
to what our inquiry tended. The Directors, Proprietors, 
and Agents upon all the Rail-roads which we have visited, 
from the principal to the lowest, have received us courte- 
ously, and not only allowed us to inspect their works, but 



have prepared and furnished ua sach documents and ab* 
stracts as we required. And what is more remarkable we 
found but little of that prejudice and strong feeling in fa- 
vour of one system, which leads to a display of the fkvour- 
able features and a concealment of the disadvantages on the 
one side, with a corresponding partial view o^the other. 

From the time of my return home I have given my al- 
most undivided attention to the subject, in drawing results 
from our experiments and from the information received 
while upon the survey. 

Having made our separate calculations, Mr. Rastrick and 
myself met at Oxford on the 20th of February, and re- 
mained there until the 24th, when we came to general con- 
clusions, in which it was satisfactory to find that there was 
little or rather no difference o£ opinion; and had the time 
allowed we should either have remained there or met again, 
and I doubt not have signed the same Report; but knowing 
from you the importance of not longer delaying the delive- 
ry of our decision, we thought it better that each should at 
once transmit to you his opinion in his own words; and if 
there be any difference in the items of expense it is to be 
ascribed to the consideraticm we have separately given^e 
question since we separated. I believe that such difference 
would be found but trifling. 

Tour instructions state ** The comparative expense of 
conveying goods upon a Railway by locomotive and by 
fixed Engines t^' as the primary object of inquiry. 

I shall therefore first consider this subject But previ- 
ously to going into detail, it may be proper to state that 
certain data are absolutely necessary to form a basis for the 
comparison. If the quantity of goods be very small or 
very uncertain, it would require no calculation to determine 
that the locomotive system is the cheaper, because by it 
you increase the power by an increase of the number of 
Engines, and can therefore always proportion the power to 
the demand, while upon the stationary system it is neces- 



sary first to form an estimate of the probable trade, and 
then at once to establish a line of Engines, Ropes, &c* 
; from end to end, that shall be complete and fully equal to 

it There is therefore in the locomotive system an advan- 
tage in this respect that the outlay of capital may at the 
first be much less than by the other system. 

You have given us sufficient information to guide us in 
the extent of power to be provided* 

The gross weight from Liverpool or towards Manchester 
is stated at 3750 tons. 

And from Manchester or towards Liverpool 3950 ,, 

In the former number are 400 tons of coals and 200 ton^ 
of wagons from Eenyon to Manchester, being nearly half 
the length of the line at the Manchester end, and 800 toflui 
pf empty wagons from Liverpool to Whiston, Raiohill, and 
Newton, averaging about half the whole length at the Li- 
verpool end. In the trade towards Liverpool are included 
SOO tons of empty wagons, from Manchester to Eenyon^ 
and 2400 tons of coals and coal*wagons, from Newton or 
Whiston to Liverpool* 

This trade is equal to about 2000 tons of goods, or 3000 
toil!! gross, moved in each direction between Liverpool and 
Manchester daily, which quantity we have therefore taken 
for the basis of our calculations* 

Excepting at Rainhill and Sutton, and at the Liverpool 
Tunnel, no part of the line rises more than 1 in 800, and 
as the quantities conveyed in each direction are nearly 
equal, there the assistance received from gravity in the one 
direction, is equal to the retardation caused by it in the 
other; we have therefore considered the whole line (with 
the two exceptions stated) as horizontaL 

As the stationary system must be adopted in the Livep- 
pool Tunnel, whatever may be done in the other parts of 
the line, we have entirely excluded it in forming the oom* 
parative estimate. 

I shall now proceed with the Locomotive Estimate* 
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We assumed the convenient power of each Engine to be 
10 horses^ including the power necessary to propel itself 
and its tender. The diameter of the wheels we took at 5 
feet, and the strength of the steam in the boiler at from 40 
to 50 lbs. per square inch. 

The gross weight of this Engine, with its tender and wa- 
ter, we find to be lOi tons. 

While the Engine is in motion we suppose that its velo- 
city should be 10 miles per hour, to enable it to average 9 
miles between the two extreme points; and when the speed 
of coaches upon the road is considered, we apprehend that 
the rate ought not to be less. 

Now, an Engine of the above description will be found, 
by referring to note A, to take 19i tons gross at 10 miles 
per hour, or 13 tons of goods and 6i tons of wagons. 

The expense of such an engine we estimate as follows: — 
. One engine will cost .•••.•• £550 

But to have^t^e Engines always in repair six 
will be necessary, or the capital requisite to 
provide an Engine always ready for work 
will be 1 l-5th of an engine, — add, there- 
fore, l-5th of £550 110 



Together . . . 660 
For a tender, tank, &c., £50, and l-5th of £50, 

being 60 



Making the whole cost of one Engine at work 720 



Now, the average durability of the Engine, when the 
work is considered, may be taken at 20 years, or at 12) 
years' purchase. 

The annual charge for capital is 

therefore £57 12 

Less £60 receivable for the old 
materials at the end of 20 

2 
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Brought foru)ard . £&1 12 
years, which is in the present 
money equal to 116 

Which leaves annual cost • 55 16 

Add for estimated annual repairs, as per note 
B . 107 8 

And for wages, coal, and other working ex- 
penses, as detailed in notes C. and D. . . 204 4 

Making the annual cost of each Engine work- 
ing 312 days ^6367 4 4 

We have now to ascertain the number of Engines that 
will be required. 

We calculate that each engine may work,"exclusive^of 
stoppages, from nine to ten hours per day, at ten miles per 
hour, or it will make three journeys daily between Liver- 
pool and Manchester, taking with it 13 tons of goods, which 
is the same as 1170 tons conveyed one mile. 

The daily traffic being taken at 4000^tons conveyed 30 
miles, or 120,000 tons conveyed one mile, will, according 
to this, require 102 Engines constantly at work. 

Our first great item of expense is therefore 102 Engines 
at J6367. A3. Ad. J amounting to ;£37,456. 2s. 

But in this we have allowed nothing for the additional 
power required at Rainhill and Sutton, the rise of which 
is 1 in 96. Our idea was that an additional Engine might 
be employed to assist the others at these planes, but a little 
consideration showed us our mistake. I am unwilling to 
confuse my report by introducing calculations into the con- 
text; but as it may be important that this point be well un- 
derstood, I will state the principle in a familiar way. Our 
calculation of friction upon a level is 1-lSOth of the weight ^ 
moved; but the rise of Rainhill and Sutton being l-96tb, 
the resistance of gravity is nearly double that by friction. 
Accurately it is thus: — 

i / .'■/■: I 

■' :( ■ :. . > / / y -' ' 
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S2240 lbs. divided by 180 gives 12.44 lbs. for friction of 
1 ton on a level — or 12i lbs. nearly. 

2240 lbs. divided by 96 gives 23.33 lbs. for gravity of 
1 ton, on rise 1 in 96. 

The whole resistance to 1 ton on Rainhill is therefore 
35.77 lbs. or say 352 lbs. 

And the resistance to 10) tons, the weight of Engine, 
&c^ is 375 6-1 0th lbs. 

But the power of the Engine at 10 miles being by Note 
A. 375 lbs., it is evident that an Engine will just move its 
own weight up the hill at ten miles per hour, and therefore 
that an additional number of Engines could do no good, as 
the weight of each would be its load. Either therefore the 
power of the engine must be increased, or the speed dimi- 
nished, or some other plan be devised for the planes. 

The objection to increasing the power is, that it would 
be forcing the Engine beyond its regular work, which it is 
desirable to avoid to so great an extent; for it would re- 
quire two Engines, each 18 horse power, (see note E.,) to 
raise themselves and 13 tons of goods up Rainhill at ten 
miles per hour. Whatever may be done for a short length, 
or for an experiment intended to show what an Engine can 
do, I think it impossible to recommend such a system upon 
a road which is to unite the various advantages you state. 

If again we reduce the speed, say to five miles per hour, 
we shall have half the Engine's power applicable to goods 
and carriages, the other half being required for their own 
weight and friction. (See note F.) 

In this way, if we suppose the Engine to arrive at the 
bottom of the plane from Liverpool to Manchester at the 
rate of ten miles per hour, with 20 tons of goods and wa- 
gons, it will require another Engine of the same power to 
go up the plane at five miles per hour, and will occupy eigh- 
teen minutes in ascending. Or if eight miles per hour be 
the standard of travelling, the Engine would then take 27 
tons of goods and wagons upon the level, (see note G.,} 
would require the assistance of another Engine of the same 



power to ascend the hill, with a speed of 31 miles per hour, 
and would occupy 24 minutes i& ascending. 

It would consequently be doing an injury to the locomo- 
tive system to apply it to work for which it is evidently 
unfit However good it may be in itself, it has its limits, 
and an ascent of 1 in 96 is palpably beyond them, if the 
length be considerable. 

We therefore had recourse to the stationary system as 
the assisting power to the locomotives upon the planes, and 
fcund that it would be necessary to have two Engines of 50 
horses at each end of Rainhill to do the required work, and 
that the locomotive Engines also should go up the hill, that 
they might accompany their load and assist in taking down 
the rope, which we found the empty wagons alone could 
not do with the necessary speed. To give 9 miles clear 
per hour, the speed of the wagons, while in motion upon 
the planes, will require to be twelve miles per hour. The 
li mile, that is, the length of the plane, will, therefore, 

take 7i minutes. 

And the stojqiing and changing, &c., . • 2i minutes, 



Making 10 



Or six journeys per hour; or if ten working hours, say 60 
journeys per day; and 3000 tons being to be passed in each 
direction daily, the load for each journey will be 50 tons, 
goods and wagons, or say fifty-two tons, which will require 
the power stated. (See note H.) 

We have now therefore to add the annual cost of the fixed 
Enginel^ to the sum already stated for the locomotives^ 

viz., to je37,456 2 

The stationary Engines, with ropes, &c., 

as detailed in Note I., is per annum . • . 5,013 6 
Crossing upon level of way JS120, of which 
the interest is 6 

Carried over j642,475 8 
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Brought forward • £42,475 8 
And for annual expenaes of water stations, . 

as detailed in note Note E . . . . 922 10 
Duplicates of Engines . . • JS400 00 
Duplicates of ropes, 18 tons 17 . , 

cwt 16 lbs. at ^51 . . . 961 14 3 
Signals 100 00 

dgl461 14 3 



This sum; (J81461. 14s. 3d.,) considered as 
a necessary additional capital for articles 
of which the deterioration is already ac- 
counted for, makes at 5 per cent . . 73 2 

The interest of the capital and annual ex* 
penses of the locomotive system is there- 
fore ^43,471 



This sum is exclusive of the expense of working the lA* 
verpool Tunnel, which is supposed not to be affected by the 
plan that may be thought most desirable upon the line ge« 
nerally, not exclusive also of the wear of rails by the En- 
gines travelling upon them. 

To reduce this to a rate per ton per mile, we have 4000 
tons moved thirty miles per day for 312 days, or 37,440,000 
tons moved one mile for i843,471, which is at the rate of 
•2787d., or about 7-25th of a penny per ton per mile. 

As the amount of capital necessary under each system is , 
also a proper subject for consideration, I shall, before pro* 
ceeding to the stationary, state the sum requisite upon the 
locomotive plan:— 

It comprises 123 Engines and tenders, 

atdeeoo de73,8oo o o 

Engines for Rainhill and Sutton (see 
note I.) 9,190 



Carried aver .... ^82,990 
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Brought forward . '. . £82^990 

Duplicates for same and machinery^ as 

above 400 

Ropes for Rainhill^ deducting old^ (see 

note I.) 792 

Duplicate ropes, as above .... 961 14 3 

Cost of iron crossings 120 

Signals for Rainhill and Sutton • . 100 
Ten water stations at £SQOy (see note 

K.) 5,600 



So that the requisite capital is . £90,963 14 3 



The expense of the stationary system comes next to be 
estimated. 

Preparatory to this we considered the space between the 
Liverpool Tunnel and the foot of Rainhill plane, about six 
miles in length, to be divided into four spaces, each H 
mile long — the ascending and descending planes each to 
form one stage — ^the two miles level upon Rainhill two 
stages— and the 19 miles, from the foot of the plane to Man- 
chester, to be divided into 12 stages of li mile each, and 
one stage of one mile, nearest to Manchester. The speed 
of the wagons, while in motion, we supposed 12 miles per 
hour, consequently the li mile stages would be performed 
in 7i minutes, and if 2i minutes be allowed for stoppages 
and changing ropes, the rate from one extremity of the line 
to the other would /be nine miles per hour, which, when al- 
lowance is made for taking water, coals, &c., is about the 
clear rate at which we have estimated the locomotive En- 
gines. We have supposed the reciprocating plan upon the 
principle of the Brunton and Shields way to be adopted, 
and that the weight of the goods and wagons forming the 
train is 52 tons, as we before calculated for the inclined 
planes. ... 

The power to be applied to move this weight upon the 
level will be 2Q horses in each direction^ — this we calcu- 
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lated at SO horfles^ making thius two SO-horae Engines at 
each end of the 1 j> mile stages. (See note L.) 

The calculation upon the locomotive system showed that 
two 50-horse Engines at each end were sufficient to work 
the Rainhill and Sutton inclined planes; but as the Engines 
will now, in addition, have to draw the wagons towards 
them for a mile upon the level, an increase of ten horses' 
power has been made to each Engine, making .two 60-horse 
Engines to each station. 

An additional power of 30 horses to the Engines at the 
head of the Liverpool Tunnel also, is applied to draw the 
wagons towards it, and two 12-horse Engines are calculated 
for the Manchester end, the work of both extremes being 
in one direction only. 

From the descent of the Rainhill planes and the two 
stages upon the hill being only one mile long, two Engines 
of 20 horses each are sufficient in these situations. 

The estimate of the two 12-horse Engines at the Man- 
chester end is (per note M.) . , .£1,725 
Fifteen stations, with two 30-horse En- 
gines at each, at J8350O (per note N.) . 52,500 
Upon Rainhill, and at the foot of the 
planes, three stations, each with two 
20-horse Engines, at ^2710, (per note 

0.) 8,130 

At the top of the two planes two 60-horse 

Engines to each, (per note P.) . . . 10,000 
At the top of the Liverpool Tunnel 30 

horses additional power 2,000 

Amounting to . . . 74,355 

Pulleys for two lines, each 291 miles long, 
8 yards distant. No. 13,090, at 15s. in- 
cluding fittings 9,81710 

Extras to foundations of Engines and En- 
gine houses in Chat Moss .... 3,000 

Making capital for Engines . £87,172 10 
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Interest at 5 per cent^ and depreciation at 

li per cent) on capital of Engines and 

Buildings, as estimated, or 6} per cent 

on all upon £87,112. 10s ^85,666 4 3 

Repairs, Coals, and working expenses, 

(see note Q.) 11,257 15 8 

Rope at 8-lOOth of a penny per ton per 

mile, upon 4000 tons conveyed 27 

miles per day, for 312 days . . • 11,232 
Ropes for Rainhill and Sutton inclines 

(same as upon locomotive system, de- 
tailed in note L ) 3,315 12 O 

Rope for tail-rope on Rainhill and Sutton 

planes, at 2-lOOth of a penny per ton 

per mile, upon 400 tons conveyed three 

milesperday, for 312 days «... 312 
Spare rope interest upon value(see note R.) 219 15 
Sundry other expenses and charges, as 

detailed in note S 1,291 4 6 

Making the total of working the stationary 
Engines, with interest upon capital . ^633,294 11 5 

This sum, divided by the number of tons, as in the loco- 
motive system, makes the rate per ton per mile .2134 of a 
penny. 
The capital employed in this case will be as follows: — 

Engines, as above ^687,1 72 10 

Duplicates for same (see note S.) . . . 1,354 
Ropes ^4395, (See note R.)and,JS792 

(see note I.) 5,187 

Cast iron crossings , 30Q 

Store ropes d65336. 16s. 8d. (see note R.) 
and £961. 14s. 3d. (per locomotive esti" 

mate above) 6,298 U 

Signals 550 

Making total comparative capital , ^100,862 1 
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To bring the whole under one view I shall here state the 
results together. 

The capital necessary for the various ar- 
ticles stated for the locomotive system 
is ^690,963 14 3 

And for the stationary ...... 100,862 1 

DijOference in favour of the locomotive 

plan of . de9,898 . 6 9 

The interest of capital and annual expense 

of the locomotive system is . . . dB43,471 
And of the stationary 33,294 11 5 

Leaving the difference in favour of the 
stationary plan of d610,176 8 7 

The rate per ton per mile upon the loco- 
motive principle is . . . .'. .2787 of a penny. 
And upon the stationary plan . . . .2134 of a penny. 

Making an excess of-^expense per ton per mile .0653 of 
a penny, by the locomotive system, or the comparison of 
annual expenses is nearly as 7 to 9 in favour of the station- 
ary system. 

It is proper here to observe, that as the object of our la- 
bours was chiefly a comparative estimate, we have not in- 
cluded any general superintendence or contingent expenses, 
as these are supposed to be equal upon both principles, nor 
have I thought it necessary to calculate for the greater trade 
at the Liverpool end requiring a greater power of stationa- 
ry Engines, than that at the Manchester end, as this does 
not affect the aggregate expense. The allotment of power 
would have made the reports still more complex, and al- 
though this will be an important consideration previously 

3 
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ta resolyiog on the power of each particular Engine, the 
average appeared sufficient for ftur present purpose. 

Haying thus brought the question of expense to a point, 
I can readily anticipate a diflference of opinion as to the cor-^ 
rectness of the result from those who may have previously- 
arrived at diflTerent conclusions, and may therefore have 
bfeen led to prefer the one system as being much cheaper 
than the other. 

The principal points of difference are likely to be — 

First, As to the quantity of work which the locomotives 
are capable of performing. 

Second, As to their consumption of fuel. 

Third, As to the repairs they may require. 

Fourth, as to the friction of the ropes used in the station- 
ary system. 

Fifth, As to the expense of ropes per ton of goods con- 

veyed. 

I shall therefore state generally the reasons for our con- 
clusions on each of these points. 

First, as to the power of the locomotive Engines.^ 
We have calculated them at ten horses, including the 
power for moving their own weight, which employs nearly 
the exertion of one horse's strength when going at the rate 
of 2i miles per hour, and therefore reduces the effective or 
disposable power to nine horses. We consider it more, ac- 
curate thus to state the power of the Engine, as the propor- 
tion of it necessary for propelling the machine varies with 
every degree of speed and inclination, until the dead weight 
requires the whole exertion of the moving power to draw it 
along, as we found to be the case upon the Rainhill and Sutton 
planes at ten miles per hour. Now, as it has for the last fifty 
years been understood and agreed in expressing the power of 
a steam Engine by horses^ power, to take the power of one 
horse at 33,000 lbs. raised one foot high, or 150 lbs. raised 
220 feet high, in a minute, or at the rate of 2i miles per hour, 
there can be no difference as to what the power of a 10 horse 
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'Engine is. And it is Almost as well agreed that the resistance 
upon a well-constructed Railway is upon a lerel l-180thof the 
weight moved, or about 12) poundls to the ton. The effect 
of gravity in moving upon inclined planes is still more uni- 
versally agreed, and is an abstract question altogether inde- 
pendent of experiment. .On all these points, therefore, 
there can be no difference of opinion. But it may be said 
that a more powerful engin^^ may be used. It may so, 
and probably a 12 or 13 horse ' Engine, upon six wheels, 
may be found to suit better; but if the costs and weight of 
the machine and its carriage, and the consumption of fuel, 
be increased in the proportion of the power, (and this I 
deem requisite) no advantage, so far as respects the calcula* 
tion,' will be obtained. The limit is the size of the boiler, 
the cylinders of the engines being generally capable of do- 
iqg more if the boilers would supply the steam. The best 
criterion is experience^ and in referring to the Engines now 
in use, the. most accurate test is, not what they will do for 
a short :time in. an experiment,. but what they really do in 
their regular work. We therefore brought into a tabular 
form (see note T;) theresuU of the information we had re- 
specting some of the Engines on the Darlington way, one, 
iwhieh is very powerful and weighty, constructed by Timo- 
thy Hackworth, the machinest upon the line, the others, I 
believe, made by Mr. Stephenson at Newcastle. It was 
stated to. us that the summer work of Hackworth's Engine 
is 24 empty, wagoxis from Stockton towards the pits, at 5} 
miles per hour, and the winter work 20 wagons at the same 
speedy the other smaller Engines take 20 wagons in sum- 
mer, and 16 in winter, at 5 miles per hour. By reducing 
tthe work to a levels the former at the rate of 10 miles per 
bour, appears by the table to draw of goods only 
In summer . . . . 17} tons 
In winter .... 14i tons 



The average being therefore 16i tons. 
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The smaller Engine8| in the fime wayi do what upon a 
level would be equal to — 

In summer ... • . ISi tons 
In winter • • . . 10| tons 



Making an ayerage of . • 13 tons nearly. 



Now, this is with their qfcending train of empty wa« 
gons, which is the heayies£ work they have to do^ owing to 
the descent of the way with the loaded wagons; they con* 
sequently do this work only half the time. But the basis 
of our calculation is 13 tons of goods conveyed, summer 
and winter, in both directions, which therefore is more than 
the Darlington Engines, excepting Hackworth's. In the 
table the work of the Engines is compared also at the speeds 
of 5 and 8 miles per hour. 

The result of an experiment we made with a very good 
Engine at Kiliingworth, proved that, for a short ascending 
length, it did nearly the work of 13 horses; but this fol« 
lowed by an inclination in the opposite direction, in which 
its work was 7i horses, and upon a level of about a mile, 
where the way was very much out of repair, it did nearly 
11 horses. The Engine was, I think, travelling beyond 
its average' speed, as is usually the case when experiments 
are being made; but even at this last work it would only 
carry 16 tons at 10 miles per hour. The Engine wits stated 
to be of 8 horses' power, exclusive of its own weight, say 
gross power 9 horses, and I believe this to be what it is 
fairly capable of doing. 

Mr. Sinclair's detail of an experiment with the new En*- 
glne upon the Bolton way, when it travelled for 1 l-5th 
mile at 8 8-lOth miles per hour, with 13 chaldron wagons, 
each about 73 cwt. upon a rise of 1 in 432, makes the power 
to have been upon that occasion nearly 24 horses. Were 
this to be taken as the work which the Engine is capable 
of continuing, it would (see note U,) take 41 tons of goods 
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upon the Liverpool way at 10 miles per hour; but no one 
estimates the power of the Engine at 24 horses, so it is im- 
possible to calculate upon the above as a basis for your 
work. In the same letter Mr. Sinclair states, that the En- 
gine usually takes 7 or 8 wagons, "that number being most 
convenient," at 6 miles per hour: taking 8 as the number, 
this would (see note V,) be the work of an 11 horse En- 
gine, and is equal to 15| toils of goods, at 10 miles per 
hour, upon your way, which I apprehend to be the practi- 
cal fair everyday work of the Engine, and all beyond this 
is of value only to show how much the Engine can do, just 
as a horse may be made at a push, and for a short space, to 
do twice the work he is capable of continuing without in- 
jury. As there is no lock-up safety-valve to this Engine, 
and as the valve is fixed down while the Engine is in mo<^ 
tion, it was, I presume, impossible to ascertain the strength 
of the steam at the time of the experiment to which I have 
referred. 

Mr, Robert Stephenson has reported to us an experiment 
with Hackworth's Engine, which I prefer, because that En- 
gine has a safety-valve, which, although not quite out of 
the power of the Engine-man, is stated by Mr. S. to have 
been at liberty at the time. 

It appears by this experiment, that the Engine took 48i 
tons of goods 2500 yards, upon a rise of 10 feet in a mile, 
and returned down, being equal to 5000 yards upon a level, 
at the rate of 11 2-lOth miles per hour, and that the steam 
was blowing off when the experiment concluded. 

I state the preceding as it has been given to us. Hack- 
worth's Engine is undoubtedly the most powerful that has 
yet been made, as the amount of the tons conveyed by it, 
compared with the other Engines, proves — the boiler is 
longer, with a returned or double flue— -there are six wheels, 
and the weight is increased nearly in the proportion of the 
power. Mr. St^henson's report states the consumption of 
coals to have been 1 6-1 0th lbs. per ton per mile, which is 
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less than the average of former results, and probably the 
steam may have been lowered during the experiment, which 
being for so short a time (about a quarter of an hour) is not 
better evidencethan the regular work of the Engine which 
has been detailed, and as the Engine-men are paid per ton for 
the work they do with the Company's Engines, there is rea- 
son to conclude that they work them to the best advantage. 
• I have reasoned upon the Engines generally in their pre- 
sent state,' and it is proper to say that improvements have^ 
since my survey in 1824, been made in them, and that the 
attention at present bestowed upon the subject will in all 
probability still do much for them. The Engine made 
by Mr. Rastrick is different from that by Mr. Hackworth 
in the form of the flue and otherwise. Mr. Stephenson's is 
different from both, and every new Engine he makes dif- 
fers in some respects from the one preceding it. 

Since 1824 the diameter of the wheels has been increased, 
wrought iron tire substituted for cast, spring safety-valves 
have been introduced, and the Engine itself is support;^d 
upon a spring carriage. I think these all decided and great 
improvements, and in estimating the question generally it 
is fair to anticipate others. It is true that improvements 
in the stationary system may also be expected, but not, I 
should say, to the same extent. 

From the account of work by the Hetton Engines we 
find that they are doing less than the others, owing, as we 
have calculated, to the rise in one part of their journey be- 
ing too great for their advantageous application. By the 
detail (see note W,) it will be seen that the work of these 
Engines is equal to only 10 tons of goods upon the Liver- 
pool way, at 10 miles per hour. 

The slope of the Middleton road is well adapted for lo«- 
comotive Engines descending loaded, and ascending empty, 
the average fall being 1 in 440, which makes the load in 
each direction very nearly the same. Mr. Blenkinsop rates 
bis Engine at 6 horses, and by calculation we find that the 
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V^brk doncf while in motion^ with 30 wagons^ ia 6i horses 
descending and 6 1-1 3th horses ascending. 

Upon the whole, therefore, I am satisfied that the work 
we have stated for the Engines is as great as ought fairly to 
be calculated upon, — and I have gone the more' into detail 
that you might be in possession of the principal facts upon 
which our calculations are founded* 

I think it unnecessary to say more respecting the slipping 
of the wheels, than that it does not appear to form any 
ground of objection upon your line, when the weight to be 
taken is considered. The liability to slip is much lessened 
by the introduction of spring carriages, for the Engines* 
By an experiment we made upon a very irregular part of 
the Killingworth line it was satisfactorily proved, that with 
48 tons of goods and wagons there was no slipping. 
Second, as to the consumption of fuel. 
This article is so cheap in most places where locomotive 
Engines are in use, that it is not customary to keep any ac« 
curate accounts of it, and the objections to a short experi- 
ment are evident. 

The average of the experiments made at Het- 
ton and Killingworth in January, 1825, gave 
for 1 ton of goods conveyed 1 mile upon a 

level at 4i miles per hour 2.15 lbs. 

Mr. Blenkinsop^s account at first made the quan- 
tity about 4 lbs. but an explanation since, ; 
confirmed by the statement of the Engine- 
man, reduces the consumption to .. . . . • 2.70 „ 
The Hetton account of the present Engines, . . 
reduced to a level at about 4 miles per hour, 

is upwards of 3*0 „ 

The Hetton account of the Engines when upon 

the line near Sunderland is . . . . . . 2.0 „ 

Mr. R. Stephenson's report of the experiment 
upon the Darlington line, already referred to, 
at 11 miles, per hour . . » ... . . . 1.60 ,y 
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But the account most to be depended upon from (he 
length of time, and the accuracy with which, from its ob- 
ject, we may suppose it was kept, is that which has been 
furnished to us by Mr. Storey, Surveyor of the Darlington 
and Stockton line. The Company^s view was to ascertain, 
without the knowledge of the Engine*-men, the actual con- 
sumption of fuel, in the use of which (knowing that the 
men pay^ as was before remarked, for the coals they burn) 
we may reasonably infer that they study economy. 

It appears then that 298 tons of coals were used by the 
four Engines during the months of May and June, 18^, 
and that the work done in that time was equal to 249,23[> 
tons of coal conveyed one mile upon the way. This is 
equal to 2.16 lbs. of coal per ton per mile, but as the coal 
was also employed to bring back the empty wagons, it be- 
came necessary to reduce the inclination to a level, and to 
suppose the Engines to have done work in both directions, 
which we did, and the result gave % 8-lOthlbs. of coals per 
ton of goods per mile. These quantities do not include 
the fuel required for heating the water at the water stations, 
and generally it is coal of a quality superior to that which 
will be used upon the Liyerpool road, but the quantity is 
nearly six times what is necessary for a fixed Engine of the 
same power. As, however, the improvements in Mr. Ras- 
trick's and Mr. Hackworth's boilers, to which I have al- 
ready referred, will cause a saving of fuel, and as Mr. Ste* 
phenson's attention is at present directed to the same im- 
portant subject, we may confidently expect that a reduction 
of expense on this point will be efiected. We, therefore, 
fixed upon 2} lbs. per mile, (which may be equal to about 
2 lbs. of Newcastle coal,) and our calculations are formed 
upon this standard. 

Third, as to the annual cost of locomotive Engines. 

Any difference of opinion on this point is likely to be 
confined to the quantum of repair; for as to the original 
cost and men's wages in working them there can be little 
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groind for speculation. Oa the other heads we have formed 
our own judgment, and we find that the details furnished 
by ,Mr. Wood, of Hetton, and by Mr. Blenkinsop, are both 
above our estimate; but in this, as in other points, expe^ 
rienee will induce a saving. I may instance the use of 
wrougbt"*iron tire^ as well as the great difference in the qua« 
lity of this metal: one set of tire had worn out in ten weeks 
upon the Darlington way, while upon the Killingworth the 
Bttgine with which our experiments were made, had a tire 
which had been twelve months in use, and the effect was 
scarcely perceptible. 

We have supposed that of six Engines Jive may be conr 
sidered as always at work and the sixth under repair, which 
I do not think is by any means overstating the number ner 
eessary. 

Fourth, as to the friction of the ropes in the stationary 
system,. 

Upon this we have some difficulty in obtaining satisfac 
tpry data. The friction of a wheel carriage upon a Railp 
road w^ have taken at l-«180th of its weight; but in the 
present case the number of sheaves to be moved, compared 
with the weight, the irregular surface of the road, its ri^- 
gidity or stiffness in winding upon the barrels, and the fricf- 
tiqn of the drums themselves, make the aggregate of resist- 
anae much greater. 

If the rope be taken at per yard 4 lbs. 

A second length of rope upon the drums wil) be 

also 4 „ 

The drums themselves will be equal to . . ,2.6^, 

And the pulleys to ....••.•« 4 ^, 



«■■ 



Making the total friction per yard * • • • 14.6 lbs. 



If the friction therefore be taken at 1 -180th of the mass 
In moRon, it will be about l-5Qth of the weight of rope. 
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taking the rope in one direction only, or at 4 lbs. per yarJ^ 
viz. 180 multiplied by 4, and divided by 11.6. 

The results upon the Brunton and Shields way are yery 
different from each other. In some the estimated power of 
the Engine is not sufficient to take the load independent of 
the rope, while in others it leaves a large surplus: — ^where 
the former is the case, it is evident that the Engine's power 
has been underrated, which we found it generally to. be on 
this line. In two of the planes where the empty wagons 
are taken by gravity, we found (see note X,) the friction of 
the rope, as nearly as possible, l-22d of its weight. These^ 
I think, good data. 

Mr. R. Stephenson has reported an experiment upon the 
Darlington road, by which the friction M^as 1-lOth of the 
weight. This was also with the empty descending wagons. 

Mr. Thompson's own idea is much under any of the 
above results. 

I think that l-22d of the weight of the rope, in one di- 
rection, may be taken for its friction, and that of the drums, 
sheaves, &c. and if to this be added I-180th of the other 
length of the rope, the result will not be far from the truth, 
and the strength of the Engines is calculated to be quite 
equal 4;o this. 

Fifth, as-to the cost of ropes. 

This being a mo^ important item in the fixed system, 
has occupied much of our attention, affecting as it does very 
materially the relative economy of the two systems. It 
will be seen by reference to the annual charge that ropes 
alone amount to upwards of j&l 1,000 per annum, or about 
one-third of the whole expense. 

Upon this subject experience of course is the only guide, 
and Mr. Thompson's experience is by far the greatest upon 
the reciprocating system. Froni an account kept by him, 
apparently with great accuracy of detail, " The mean ave- 
rage cost of ropes has been found to be 51-IOOo8is of n 
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penny, *^ or l-20th of a penny nearly. The decimation of 
the way being in the direction of the loaded wagons, and 
there being in some cases no tail-rope^ are both favourable 
to this line as compared with a horizontal road; but as here 
the wagons are drawn back empty, the cost per ton of. 
goods, as compared with the Liverpool and Manchester 
line, is increased. 

Mr, Storey reported to us, that the ropes upon the Brus- 
selton inclined planes cost, by an account kept by him, 
one-fourth of a penny per ton upon all the coal conveyed 
over them.# We have by calculation reduced this to a ho- 
rizontal surface, and find that it would be 2 3-1000 th, or un- 
der l-40th of a penny per ton of goods per mile, exclusive 
of the wear of tail-rope, (See note Y.) 

The reciprocating system being applied on the lower part 
of the Hetton road, Mr. Wood has informed us, that 
301,800 tons of coal were conveyed over a distance of 2J 
miles for an expense of j8780 in ropes. By reducing this 
to a level, and to suit our case, we find the cost to be 
Id-lQOth of a penny per ton per mile, which very much 
exceeds either of the former results. We believe the Coal 
company pay a price per ton to the rope maker upon the 
quantity of goods conveyed. 

After fully considering this important subject, in all its 
bearings, we fixed upon 8-lOOth of a penny per ton of 
goods per mile, dividing it into 6-lOOth for the head-rope, 
and 2-1 00th for the tail-rope. 

In a matter of so great consequence I have thought it 
proper to be thus particular, at the risk of being tedious; 
and having now discussed what you very properly call the 
*^ primary object," I proceed to the investigation of the 
other subjects referred to in your instructions to us. 

You inquire — ** How far the injury which may he 
done by locomotive Engines is likely to occur to the Li- 
verpool and Manchester RaiUroad.^^ 

My opinion is, that the injury to other ways arises chief- 
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^ ly from the want of sufficient weight in the rail«» from the 
blocks being too small, and from imperfect foundations; 
but that as great care appears to have been taken^ to guard 
against these evils upon your line, there is no injury in the 
way of breaking or bending to be apprehended, unless p^*** 
haps on Ghat Moss, or upon the embankments formed of 
the Moss, or other soft material, and that will be only' un- 
til the foundations become consolidated. This opinion is 
of course given with limitation as to the weight of the En- 
gine and water in the boiler, which we have calculated at 
not exceeding 8 tons. If an Engine like Ha^worth's, or 
Mr. Stephenson's heavy one, be used, we conclude it shall 
have six wheels like those referred to. 

It is proper also to state, that the locomotive Engine has 
to be debited with the wear of the rails, in even a greater 
proportion to its weight than the goods and wagons, owing 
to the greater loadxipon the wheels, and the vibration caused 
by the working of the Engine. In the account of annuid 
expense, no sum has been charged for any wear of the 
Railway. 

** The wear and tear of wagons '' is the next point to 
which you refer, and on this I cannot do better than quote 
from Mr. Storey's letter on the subject, especially as it is 
the Darlington wagons you state to have suffered so much. 

''The destruction of the wagons," says Mr. Stoir^, 
(for it is not wear) '' occasioned by the Engines, compared 
with that by horses, is ihuch more by the former than by 
the latter. The principal parts damaged are the bottom, 
framing, and axles. The cause I conceive to be the sud-^ 
den jerks at starting and stopping, the frequency of One^ 
two, or even three wagons getting off the way at the turn* 
outs or pass byes, and their being trailed a considerable dis- 
tance before the Engine man sees it, or the Engine feels it 
so perceptibly as to inform the man that she has something 
more to do; and also when passing the sidings very frequent- 
ly the switches get deranged; the Engine going from 6 to 8 
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miltB per hour, the wagont are thrown oat of flieir pro))er 
directiod, when a twist takes place on the wagon^framiog^ 
and With the audden stopping of such a train at that ^ed» 
causes rery great destruction to every part of the wagon.'* 
It may be added to Mr. Storey's observations, that as the 
speed with Engines is greater than with horses, the injury 
is also greater, in case of any irregularity. The.^urveft 
upon ways are also injurious to wagons, by the greater fric- 
tion they occasion. From the Darlington line falling in 
the direction of the load, the momentum of the loaded wag- 
gons tends to increase the damage, in case of any accident 
upon Ihat part of the line. 

The straightness of your line, the strength of the rails, 
and the way being nearly level, except at the inclined 
planes, are all favourable for the wagons, when compared 
with the Darlington. Indeed I think that almost the only 
probable cause of injury to the wagons with you, will arise 
from the sudden stoppages; but this may be much lessened 
1^ the introduction of a bent iron acting as a spring at the 
end of the wagon, to ease the effects of blows from the con^ 
«ussion with the other wagon before and behind. 
As respects the ** accommodation to the public^^^ 
Our opinion is, that it may be given by either system, 
so as to leave no reasonable room for complaint or dissatis- 
&otion, either in the direct conveyance from end to end, 
or in the taking up pr delivering of goods and passengers 
at the intermediate places. 

Each system has its peculiar advantages. 
By the locomotive the train may be stopped at pleasure; 
but as the grand object will be despatch between the ex- 
treme points, the stoppings should be at the fixed stations 
only, where goods could be delivered, and passengers set 
down. In the locomotive plan, this would be done by 
sidings at proper distances, and this system has the advan- 
tage, that the stopping of any single train might be longer 
or shorter without a detention to the general traffic. 
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Upon the statioqary system^ there would be sidings also^ 
ithere carriages and wagons might draw off, and when rea- 
dy to start again, they would return to the main line; but 
being ikete, they must proceed at the uniform speed, for 
as there would be a general sympathy/ throughout the \srhole 
line, the stoppage or delay at any one point would afiect the 
whole. This is a disadvantage of the stationary system. 

The probability of accident upon any particular part of 
the system is, I think, less with the stationary than with 
the locomotive; but in the former the effects of.an accident 
extend to the whole line, whereas in the latter they are con- 
fined to the particular Engine and its train, unless they hap- 
pen to obstruct the way and prevent others from passing. 
The one system is like a, number. of .short unconnected 
chains, the other resembles a chain extending from Liver- 
pool to Manchester, the failure of one link of which would 
derange the whole. 

The locomotive Engines would follow each other at the 
average interval of about 4 minutes, and at two-thirds of a 
mile distance. 

It will require some exertion to methodize the stationa- 
ry system, and some experience to work it properly, but 
the knowledge that it is necessary to be regular and careful 
will produce a corresponding anxiety and attention in all 
concerned, and in time the operation will become almost 
mechanical. There are about 20 changes of horses in the 
mail between London and Liverpool, a stoppage at any one. 
of which influences the whole: reverting to our metaphor, 
the chain here extends for 200 miles; and notwithstanding 
the various chances of accidents and delays the mail gene- 
rally arrives about the proper time. 

The most probable cause of delay will be from the ropes 
breaking. It is rather remarkable, that when we were upon 
the Hetton way one of the ropes broke in two places, I be- 
lieve through carelessness, and delayed the train about an 
hour. Also while we were upon the Brunton way some 



L 



'W ■ I 



^f^m^^^nmm 



I 



HING AT 



1 












— •.-.-.—.•.•.•..•. ^ 







b/* En^im 



h^ Line thus.^. 



-\ 



1 



f^ 



^.^>f. 




^r Undine 



Manchester^ <jjC 







31 

delay in the descending took place through a few of the W^ 
gons getting off Ihe road, a switch haying been left ia the 
wrong direction. 

The stoppage of 2i minutes at each stage for changing 
the ropes will give an opportunity for passengers and wsh 
gons to' join, if the load be not already complete. The wa** 
gons going in opposite directions will meet at the stations, 
and by the proposed method there will be no delay but for 
the 2i minutes. This can be effectied by the traina cross- 
ing from the one line to the other at each station^ (as shown 
by the diagram,) by which both lines of road will always 
be occupied, and each Engine always drawing two trains, 
one in each direction, towards it, while in the mean time 
the two other ropes belonging to the same Engine will be 
going out as tail-ropes to the two trains that are moving ia 
each direction from it. The journey from Liverpool to 
Manchester will thus be made in 3) hours with both goods 
and passengers. As the stations are li mile apart, the 
greatest distance to a station can never exceed three quar- 
ters of a mile. 

If thd switches or tongues of the rails be made with 
springs, they will act without any interference or care from 
the attendants being necessary. This wiU remove in a 
great degree the evil of crossings, and there being two bar 
rels over each line of way, the motion of the Engine need 
never be changed. 

As the mechanism of this is not easily expressed so as 
to be intelligible either in words or by a drawing, I have 
ordered a model to be made, which will, I think, answer 
the purpose better. 

The crossing of roads upon the level of the Railway is 
more objectionable with the stationary than with the loco- 
motive system. Had the plan been fixed before the levels 
were formed this might probibly have been avoided, in 
many instances, by making more of the crossings over, or 
sinking them under the level of the Railway, and with 
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tome it may not be too late even now. Mr. Locke hafl re< 
ported to us thirty roads (chiefly for accommodation) upon 
the level of the Railway in the whole line. 

By the Engines working with what are technically called 
frUtion dutches, or with friction drumSf (by whioh,^ in 
case of stoppage, the Engine goes on without carrying the 
rope*drum along with it,) by having careful men to accom-* 
pany the trains with powerful brakes, by connecting the 
' head and tail-ropes together under the train, by a contri* 
ranee instantly to disengage the train from the rope, and 
by proper signals of approach, any chance of accident to 
persons or cattle crossing would be very much lessened; 
but as the looomotive Engines can be backed, and the wa* 
gons consequently stopped more expeditiously, they are so 
far safer in this respect. 

You inquire particularly as to the ^^comparative safe- 
ty of the two modes. "^^ 

A3 a general answer, I should say that the stationary is 
the safer, chiefly from the locomotives being necessarily 
high pressure Engines, and accompanying thegoods or pas- 
sengers upon the way, I see no reason for changing the 
opinion I gave in 1824 of the impropriety of fixing down 
the eafety-valve, without having a lock-up valve out of the 
Engine-man's power. Within the last year, two accidents 
have occurred upon the Darlington way, in each of which 
a life was lost, and in both cases the safety-valve was fixed 
down* The Darlington Engines have since had additional 
spring safety-valves attached to them, by which the dangm* 
is much diminished; and Mr. Rastrick has, to his Engine, 
fitted an ingenious spring safety-valve, completely beyond 
the reach of the workman, which will, I doubt not, answer 
an exeellent purpose. In your case, they would be indis- 
pensable; for any accident at the outset, attended with loss 
of life or limb, would seriously prejudice the concern with 
the public. 

All the accidents that I have heard of have happened 
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through the fire-tube bursting, and the fiteam blowing out 
the fire-bars, the hot water, &c. at the fire-door. Should 
you adopt the locomotive system, the fire-tube should be 
returned in the boiler, as in Hackworth's Engine, so that 
the fire-place be in the end of the boiler, farther from the 
train. By these and the other means commonly in use, 
and by the cateful and frequent examination of the tubes, 
I think there could be but little danger, as respects passeh- 
gers or goods, to be feared: certainly not so much as to be 
a sufficient reason for not adopting the locomotive system, 
if in other respects it be thought preferable. 

I cannot, however, go so far as to say that there is no 
more danger with high than with low pressure Engines; 
for although it may be true, that if the boiler be made of 
strength proportioned to the pressure, a failure in the one 
description is as likely as in the other, yet the effects of 
such an accident, with a high pressure boiler, are naturally 
much more terrible than with a low pressure— -the one may 
be called an explosion, often destroying all around it- — the 
other is generally confined to tearing the boiler, extinguish- 
ing the fire, and perhaps scalding the attendant, if close to 
the place. 

In using the general expression, " high pressurcy^^ I 
here refer to such a pressure as is necessary for locomotive 
Engines. Upon the Brunton and Shields way, the Engines 
are high pressure, but only about half the pressure of the 
locomotives. 

Your next inquiry is, " whether goods and passengers 
can be conveyed upon the two lines already provided, 
and if so, by tohat system the desired object can be best 
attained P' 

My opinion is, that with communications between the 
two l?nes, and branches from them at proper distances, the 
objects contemplated can be attained; but that with two 
lines, the stationary system will, upon the whole, be the 
preferable, aiS the trains will always meet at the stations, 

5 



34 

and as there will consequently be no occasion for any turns 
out or breaks in the line^ except at these places. 

With the locomotive, a third line would be a great ad- 
vantage, as the Engines might then pass each other, if go- 
ing at different speeds, or in case of any stoppage or acci- 
dent upon either of the main lines. 

'* Upon the consideration of the question in every point 
of view, taking the two lines of road as now forming, and 
having reference, to economy^ despatch^ safety ^ and con- 
venience j our opinion is, that if it be resolved to make the 
Liverpool and Manchester Railway complete at once, so as 
to accommodate the traffic stated in your instructions, or a 
quantity approaching to it, the stationary reciprocating 
system is the best; but, that if any circumstances should 
induce you to proceed by degrees, and to proportion the 
power of conveyance to the demand, then we recommend 
locomotive Engines upon the line generallj^^, and two fixed 
Engines upon Rainhill and Sutton planes, jba^^ aw up 
the locomotive Engines, as well as the goods and car- 
riages.'* 

Should the latter plan be adopted, you would of course 
only order such a number of Engines as you might see oc- 
casion for, both on account of saving expense, and to ena- 
ble you*to take advantage of the improvements which may 
be made; with a view to enfcourage which, and to draw the 
attention of Engine-makers to the subject, something in 
the way of a premium, or an assurance of preference, might 
be held out to the person whose Engine was, upon expe- 
rience, found to answer the best. The Rainhill Engines 
would at the same time enable you to judge of the compa- 
rative advantages of the two systems, and if upon any oc- 
casion the trade should get beyond the supply of locomo- 
tiveSf the horse might form a temporary substitute. 

About three miles of the Brunton and Shields way are 
wrought by horses, the expense of which Mr. Thompson 
finds to be equal to 45-1 00th of a penny per ton of goods 
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per mile upon a level road, and my calculation makes it 
43-lOOth of a penny; but this is at the animal^s best speed, 
or about 2i miles per hour. 

The Darlington company pay a halfpenny per ton of coal 
per mile, for the horse hire and driver; consequently they 
pay lOd. for every ton of co^ that is led to Stockton, a dis- 
tance of 20 miles, but this also includes the bringing back 
of the empty wagons. The locomotive Engine-men find 
coals, oil, talloiv, hemp, oil for the wagons, and their fire- 
men or assistants, for id. per ton per mile. Now if find- 
ing and repairing the Engines be estimated at id. (which 
appeared to be the opinion of the company's agents,) there 
is a saving of one-eighth of a penny per ton per mile, by 
the locomotive Engines, under this head; but I apprehend 
that the damage to the rails upon the Darlington is greater 
than the expense of repairing the horse-track, and that the 
horse labour would be nearly as cheap to this company. -*- 
This, however, (like the calculation for the Brunton way, 
k above,) is taking the horse at his most advantageous speed* 

At an increased speed the muscular exertion is so great 
that theeffect of the horse is much reduced and the expense 
so much increased, that if at 2i miles per hour the cost per 
ton per mile be taken at 45-lOOth of a penny, it cannot at 
the speed of 6 miles, be taken at less than three times that 
amount, or lid. and at 10 miles per hour, at not less than 
3d. per ton per mile. (See Note Z.) 

Horses' power for goods, at high speeds, is therefore quite 
out of the question, while exclusive of the friction of the 
rope and drums, the stationary Engine costs the same price 
per ton of goods and wagons per mile, at all practicable 
speeds, and the locomotive varies from this only so far as 
its own weight forms a part of the load*^ If in one day 
the locomotive be so loaded as to have performed a full 
day's work, and have .travelled only 33 miles, and if on 
another day it has moved over 66 miles, twice the quanti- 
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ty of power will have been employed to overcome the En- 
gine's own friction on the second day than was on the first. 
The power exerted in every instant of time to overcome 
the friction being proportional to the space passed over, the 
Engine will, at a great speed, have less of her power to ap- 
ply to goods. Thus, if an eight-horse Engine, at 3i miles 
per hour, take 41 i tons, it will at the rate of 8 miles take 
only 13) tons; but as it will travel a greater distance at the 
rate of 8 miles, the expense p^r ton per mile is by no means 
proportional to the decrease of load. The expense per ton 
per mile being at 3i miles per hour equal to 3; that* at 8 
miles is about 4. 

I have thought it proper to say thus much, to give a ge- 
neral idea of the laws of the two steam systems and of ani- 
mal labour. 

The only remaining question is as respects the Liverpool 
Tunnel, the system for working which will be the same, 
whatever be the plan for the other part of the line, with 
this difference only, that with the stationary principle 
throughout the line, the Engines that work the plane in the 
Tunnel woul.d require an addition of power to draw the 
wagons for H mile towards the Tunnel. If the locomo- 
tives be unfit for the Rainhill and Sutton planes, they are 
of course more so for this TunneL I apprehend there can 
be no difference of opinion as to the kind of power to be 
employed here. We recommend two sixty-horse Engines, 
the speed 10 miles per hour, and the gravity of the de- 
scending wagons being used to assist the ascending, (See 
Note A, 2.) 

In conclusion, I beg to add, that when so great a trade 
as 50 tons of goods and wagons, despatched every ten mi- 
nutes, is contemplated, the Company would do well to em- 
brace any opportunity that may offer for giving them an 
ample space of ground, particularly at the top and bottom 
of the Liverpool Tunnel, where they appear at present 
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much confined. A considerable area will be required for 
the wagons to prevent any delay in starting from the two 
extreme points^ and upon this much of the desired punctua- 
lity and despatch must necessarily depend. 

I am, Gentlemen, 

Your most obedient Servant, 

J. WALKER. 
Limehouse, 1th March^ 1829. 



NOTES OF BEFERENCE m MR. WALKER^ Sacf DBT, 



NoTB A. Load of Locomotiye Engine^ 

Hones' power for cakukdng of Engines, 33,000 lbs. per mi- 
nute, or 150 lbs. raised 220 feet per minute, or at 2} n^es 
per hour, thereupon lAO ^ 37.5 lbs. as horses* power at 10 

miles per hour, or 375 lbs. for 10 horses, equal to IHction of 

30 tons, taking friction at ^^ of weight, say then • • 30 tons. 

Deduct weight of Engine, Tender* and Water ... 10^ „ 

Leaves for goods and wagons ... IQJtons* 

Or 13 tons of goods and 6^ tons of wagons. 

NoTS B. Repairs, &c. of Locomotire Engine. 

A Tube and Chimney-breast every three years, or annually - £12' 10 6 

Occasional repairs to Boilers • • - • • • • 300 

New Chimney each year and deduct old - - - • 7 10 

Set of Chimney-bars every two months - • • • • 600 

Axles and Brasses, one set annually 10 00 

Wheels - 36 a 

Tender, Carriage, and Tank - • 2 10 

Small Repairs 12 O 

89 10 

Add one-fifUi for spare Eng^ - - 17 18 

Total - - £107 8 



NoTX C. Coal fcHT each Locomotive Engine, 

A ten-horse Engine wiU take 13 tons of goods 10 miles per hour, and will 
go between Liverpool and Manchester three times each day,— 30 x 3 
=s 90 miles per day, and 13 x ^0 ss 1170 tons of goods 1 mile per day 
by each Engine. 1170 tons of goods at 2 J lbs. of ooal per ton per mile 
ss 2925 lbs. of coal per day, and 2925 X 912,600 lbs. per year ss 380^ 
tons, or say 382 tons of coal for each locomotive Engine per year. 

NoTX D. Account of Working Expenses. 

Engine-man's Wages at 2l8. per week • «- - - - £54 12 

Boy to assist 26 

Coal (Note C,) 382 tons at 58. lOd Ill 8 4 

Grease, OU, Hemp, &c. 12^ 

Total - - £204 4 
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NoTB £. Locomotive Engines for RjunhHl and Sutton. 

lO-horse Engine upon these planes s=: 10^ tons at 10 miles per hour. 

13 tons of goods =s 19^ tons of goods and wagons. 

If 10^ tons weight of one Engine and Tender require - 10 horse power. 

Another Engine without tank or water carriage 8^ tons, 
will require -.-8 honea. 

And on the same proportion, 19^ tons of goods and car- 
riages will require 18^ horses. 

Total power - - 36^ horses. 



NoTX F. Locomotive Engine at Rainhill at five miles per hour. 

Horse's power at 5 miles =i 150 ^ 2 ss= 75 lbs. or for 10 horses 750 lbs. 
Deduct gravity and friction of carriage 375 



»> 



Leaves applicable to load - - . . 375 lbs. 

375 lbs. -f- 35.77 lbs. (reastance of one ton, text) ^ves gross - lOj tonsw 

On goods only 7 l-9th tons. 



NoTX G. Locomotive Engine at Rainhill at eight miles per hour. 

> 

Horse power at 8 zmles sas 150 x ^i -t- B sss 47 lbs. or for 10 

horses 470 lbs. 

Then 470 -i- 12 J (resistance of one ton) ^ves - - - 37.6 tons. 
Deduct Eng^e, &c. 10.5 



y» 



Leaves goods and wagons - . . -27.1 tons. 
Or goods 18 tons, and wagons 9 tons. 



Note H. Fixed Engines for Rjunhill. 

52 tons or 116,480 lb8.-A-96 the rise of the plane g^ves for gravity 1213 lbs- 
Add 116,480 lbs.-i-180 .... for friction 647 



f» 



Together - - 1860 lbs. 
Friction of rope s= ^ of its weight, or of 10,560 lbs - - 480 „ 
Gravity of rope :=^ of its weight - - - - - 110 „ 



2450 lbs. 



2450 lbs. -s- 31 lbs. (power of horse at 12 miles) ss= 80 horses, or allowing 
for surplus power, say 2 Engines each 50 horses' power. 
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NoTx I. Expense of Engines upon Hainhill. 

Two 50-horse Engines at £1500 each - - - -£3000 

Machinery and dnim-barrels 300 

Engine-house and chimney 600 

Engine-man's dwelling 100 

Reservoir or well for water 100 

Pulleys, No. 330 for each line, or 660 for the two lines 

at 15s. 495 

£4595 

Interest on £4595 at 5 per cent. - - - - - £229 13 6 

General depreciation at 1^ per cent. - - - - -69 00 

Boilers, say 3 to last 12 years, difference of value, £24 per ton 

=: £480 to be expended at the end of 12 years equal to an 

annual expense of -13 40 

Fire bars annually - - - 500 

Repairs to Engine and Machinery - - - - -35 00 

Oil, Tallow, Hemp, &c. 20 

Wear and tear of Pulleys 25 

Coals equal to 80 horses working 12 hours per day, 

allow 15 lbs. of small coal per horse per hour, 

which gives for 312 days^ 1872 tons at 2s. 6d. 

(price given to us) £234 

Add coal for raiang steam, 377 tons at 2s. 6d. - 47 2 6 

281 2 6 

Wages as follows: — 

En^ne-man £54 12 

Fireman 39 

Brakeman 39 

132 12 

Men to grease sheaves, one man to both planes, say for each 

plane - 19 10 

Oil, 150 gallons, at 2s. 6d. 18 15 

848 17 
Similar Engine and expense for the other plane - - - 848 17 



Ropes; 4 ropes for these two inclines, each 2640 
yards long, Si inches circumference ss 4 lbs. to 
one yard, each rope therefore 94 cwt. 1 qr. 4 lbs. 
and the 4 ropes 18 tons 17 cwt 16 lbs. which at 
£42 per ton, (being £51, less £9 for old ropes,) 
g^ves £792. 
Interest upon £792 capital, at 5 per cent - - £39 12 
Annual expense of ropes being for 4000 tons, 
passed 3 miles daily for 312 days at .^ of a 
penny per ton per mile upon a level, and adding 
for slope of 1 in 96, being nearly three times the 
wear upon a level 3276 



1697 14 



3315 12 



Making total - £5013 6 
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NoTX K. Water Stations. 

A 2-howc power Engine to each station - - -£200 

Pumps, kettle, and machinery 100 

Engine-house and cistern 150 

Cottage for man ^ 

Well or pond - 50 

£560 

Interest and depreciation on £560 at 6 J per cent^ ... £42 O O 

Wear of boiler and bars, grease, &c. 500 

Coal for Engine, kettle, &c.— 50 tons at 28. 6d. - - - 6 5 

Engine-man 39 00 



10 Stations at £92 Sa. each, £922 10. 



Note L. Power of Stationary Engines. 

Friction of 52 tons = 52 -4. 180 ------ 

Friction of ropes, sheaves, and drums = »V of weight, say of 

3,400 lbs. (being weight of 1^ mile of 3| mch rope, equal to 

Friction of rope upon barrel 



Power of horse at 12 miles = 150 X 2i -i- 12 = 31 lbs. then, 
815 -t. 31 ss 26 horses, or say, aUowing for spare strengtii, 
30 horses. 



£92 5 



647 lbs. 

155 „ 
13 „ 



815 lbs. 



Note M. Engines at Manchester end. 

Two 12-horse Engines, each £500 - - *^ - . . £1000 

Machinery and dmm-barrels - - 200 

Engine-housfe and chimney 400 

Bwelling-house --------- 75 

Well and pump, or pool for water 50 

£1725 

• NoTZ N. Engines upon 1^ mile stages. 

Two 30-horse Engines, each £1200 £2400 

Machinery, drums, &c. --- 400 

En^ne-house and chimney 500 

Bwelling-house 100 

Well or pool for water - 100 



£3500 



Fifteen Engines at £3500 s £52,500. 



NoTi O. Engines for middle of the 3 miles level, tai at the foot oT^kch 

Two 20-horse Enpnes, each £900 £1800 

Machinery and drama .-..,... 3oo 

Engine-house and chimney ....... ISO 

Dweiling-house -.-....., 7S 

Well or pond 85 

£2710 

Three Engines ri £3710 ~ £8130. , —— 

Note F. Engines to Wotk Planes. 

Two 60-horse Engines, each £1800 £3600 

Machinciy, dnima, &c. ........ SOO 

Engine-houae and Chimney 700 

Dwelling-house ......... 100 

WeU and pond 100 

£3000 
Two Engines at £5000 =. £10,000. ^™~ 

NoTi Q. HepBJiH and Working: of Stationary Engines. 

Hepaif to boilers of Enpnea for the power of 1354 horses, 

taken in the proportion of £13 43, to 100 horses - . £178 14 6 
Fire bars taken in like proportion at £5 - - - - 67 14 

Repairs to Engines and Machinery at Ts. for one horse's 

power - - . 473 18 

Oil, Tallow, Hemp, &o. at 4b. for one horse's power - 270 IS 

Coal in proportion to former estimate for lUO-horse En- 
-gine^lb.72 tons per horse, or S5,346 J^tonspe^an- 
nmneIclusiveofcoalforraisingsteam(Note S.)at3s.ed. '3168 7 3 
Men required as follows: — 



EnKine-men..2 30 6 4 1 = 43 at £54 12 = £3347 16 

Bankmen 2 30 6 4 2 = 44,, 39 0=. 1716 

Brakemen 1 30 6 4 1 = 42,, 39 0= 1638 

- -- - 2 l = ai„ 39 0=« 819 



jj oil pulleys at £39.. 
«1, 30 mUes at 50 gaUons p6r mile = 1500 piUons at 2s. 6d. ■ 



44 



NoTs R. Capital and interest upon Rope. 

114 mfles of 3 J inch rope at 1| lb. per yard, b 104 tons 12 
cwt 3 qra. 14 lbs. at £51 per ton for new - - - £5336 16 & 

Less £9 per ton fop old - - . - - 941 16 8 

£4395 O 
Interest on £4395 at 5 per cent =i £219 15 

^ Note S. Sundry Expenses and Charges. 

30 crossings by iron pipe^ capital £300 at 5 per cent - £15 

Coal each morning for raising steam, 28 lbs. per horse per 

day for 1354 horses for 312 days 616 2 6 

Wear of pulleys, in proportion of £25 for 3 miles - - 250 
Interest upon duplicates, say 1354 horses at £1 = £1354 - 
Ropes, capital as above, (Note R.) £5336 16 8 - - 

For planes per locomotive estimate 961 14 3 

£6298 10 llat5percts 314 18 



Interest upon signals, £550 at 5 per cent - - - - 27 10 



£1291 4 6 



NoTS T. Work of Darlin^on Engines reduced to a level surface, the 

rise of this way averaging 1 in 246. 

Hackworth's Engine. 

This Engine's draught as stated in the text, is equal to the following upon 

a level surface: — 

Summer, Winter. 

5 mika, 8 miles, 10 milea, 5 miks, 8 miles. 10 miles. 

Goods 46.75 25.00 17.75 39.90 21.00 14.30 

Wagons .23.10 12.50 8.80 19.80 10.20 7.20 

Engine and Tender. 16.50 16.50 16.50 16.50 16.50 16.50 

86.35 54.00 ,43.05 76.20 47.70 38.00 



Smaller Engines. 

Summer. Winter. 

5 milea. Smiles. 10 miles. Smiles, 8 miles. 10 miles, 

Gk)ods 34.66 18.66 13.33 28.75 15.00 10.33 

Wagons 17.33 9.33 6.66 14.50 7.50 5.20 

Engine and Tender. 12.00 12.00 12.00 12.00 12.00 12.00 

64.00 40.00 32.00 55.25 34.50 27.53 
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NoTX U. Experiment upon Bolton Railway, reported by Mr. Sinclur. 

Cwt. Lbs. 
Weight of one waeon- - 30 
Weight of its load - - - 42 96 

72 96 = 8160 lbs. X 13 wagons =» 106,080 lbs. 



Add Engine s 10 tons 13 cwt 23,856 



»t 



Mass moved - - - 129,936 lbs. 



129,936 lbs. -i- 180 = 722 lbs. := friction. 
129,936 lbs. -i. 440 = 295 lbs. = gravity. 

■ ■ 

1017 lbs. 



Friction of 1 Ton. 
10171bs. X 8.8mile8s894,961bs.-^12.51bs.=:71.6tons 

Deduct Engine - -10.6 „ 

Gross - - 61.0 tons 
Deduct i for wagons - - 20.3 „ 



Goods - - 40.6 tons, or say 41 tons. 



NoTx y. Bolton Engine, with 8 wagons, at 6 miles per hour. 

By note U. above, one load gross ^ 8160 lbs. which X ^ '^^' 

gons equal 65,280 lbs. 

Add Engine - - - - 23,856 „ 

Mass moved- - -89,136 lbs. 

89,136 lbs. -§- 180 «= 495 lbs. = friction. 
89,136 lbs. ..^ 440 = 202 lbs. = gravity. 

697 lbs. =: resistance. 

Friction of 1 Ton. 
697 Ibs^ X 6 miles -$.10miles=418 lbs. ^12.5 lbs. = 33.5ton8 

Deduct Engine - - -10.6 „ 



Gross - - 22.9 tons 
Deduct J for wagons - - • 7.6 ,, 



Goods - - 15.3 tons, or 15} tons. 



Note W. Hetton Eng^es, by Mr. Wood's Report. 

In 30.00 chains fill 14 ft. in. which is equal to 1 in 141 

72.45 „ 9 3J „ 1 in 514 

102.45 23 3^ 1 in 287 
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In wxtmtr tekes down 16 wagons containing 848 cwt. of coal. 

Add wagon - - - - 512 „ 
Engine, &c. - - 210 „ 

Together - - 1570 cwt. 

20 journeys := 51 miles per day, say 4^ miles per hour for i2 hours, or, 

allowing for stoppages, 5 miles per hour. 
1570 cwt. = 175,840 lbs. -^ 180 = 977 lbs. = friction. 
Deduct - - -175,840 „ -5-287 = 612 „ = gravity. 

Load. 

Resistance descending 365 lbs. -5-12^=: 29 tons, down. 

512+210 Bs 722 cwt.= 80,864 lbs.-?- 180= 449 lbs.= friction. 

Add 80,864 „ -i-287 = 282 „ = gravity. 

Resistance ascending 731 lbs.-^12 j=58^ tons, up. 

87i tons. 



Divide by 2 for average or on level - 43 J tons. 

But as the rise on part of the road is not favourable, say the work on a le- 
vel is SOji tons at 5 miles per hour. 

Upon this basis the work at different speeds is as follows: — 

5 miles. 8 miles. 10 miles. 
Goods - - - - 23^ 14 9-9j. 

Wagons - - - 162 7 49 

Engine - - - . lo| 10^ lOj 

50^ 31^ 25i 



Now, 50J tons at 5 miles = 101 tons at 2^ miles, and 101 -a- 12 = 8 5.12th 

horses' power. 



Note X. Friction of Rope on the Brunton and Shields Railway. 

By observation, seven empty wagons took down rope in 3' 45" 

(=s 8 4-lOth miles per hour,) which makes friction - - 88J lbs. 

Kr. Thompson says 8 wagons take it down in 3 minutes (= 10^ 
milesper hour,) wluch gives friction - - - - - 82 



>9 



/ Average friction - - - 85 J lbs. 

Weight of rope = 1861 lbs. -i- 85i = 22, or say friction of rope, sheaves, 
barrel, brake, &c. = 1' of weight of rope. 

EilUngworih. — 16 empty waeons descended Killingworth plane in 4 mi- 
nutes with 4i inch rope after them, of which the weight was 3096 lbs. 
Inclination of plane 1 in 62^. This leaves for friction of rope, &c. 143i 
Hjs* op say ^ of weight nearly. 
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Note Y. Rope on Brusselton Plvoe. 

1851 yards— inclination 1 in 33 j — ascended with load. 
825 yards — „ 1 in 30^— descended with load. 

Average taken at 1 in 33, which gives 69 lbs. ss gravity of 1 ton. 

1851 X (69 + 12i) X 1.5 = 226.284 7 leaded 
825 X (69 — 12^) X 1-5 = 69.919 5 
825 X (69 + 12^) X .5 = 33.618 ^ 

1851 X (69 — 12^) X .5= 52.292 5 ^^' 

382.113 -i-12i = 30.569 



30.569 -I- 1760 = 17.37 
Deduct - - i 5.79 



11.58 say Hi 
Hi miles : 1 mile : : .25, : .0243 of a penny. 

Note Z. Horse's Power* 

At 2i miles per hour, a good horse will, upon a 

^ood road, go 20 miles per day with 32 cwt 

including the carriage. The eifect per day is 

therefore 32 cwt. X 20 miles - - - 640 cwt moved one mile. 
At 6 miles per hour in the short stages round 

London, a lighter horse of nearly the same va- 
lue will go 16 miles with 17^ cwt. (say coach 

20 cwt, passengers 13 i cwt., and packages 

li cwt.) equal to 17i cwt. x 1^6 miles - • 280 cwt. moved one mile. 
At 10 miles a still lighter horse will not do more 

than 10 miles per day in a mail coach with 10 

cwt. (say coacn 20 cwt, passengers 12 cwt., 

bags and parcels 8 cwt. s= 40 cwt.,) say 40 

cwt. -s- 4 = 10 cwt. X by 10 miles. - - 100 cwt. moved one mile. 
Therefore, at 2^ miles per hour the horse does the work of 2 J horses at 6 

miles, and of 6^ horses at 10 miles per hour; besides at the high speedy 

the horse will not last half the time he will at the low speedy 

Note A, 2. Engines for Liverpool Tunnel.. 

1970 yards long-rise 1 in 48 lbs. 

Gravity = 2240 -j- 48 == - 46.66 
Friction= 2240 -f- 180 = - 12.44 



Together - - - 59.10 

Goods and wagons 52 tons 

Rope 7 inches := 6» lbs. per yard « - 5^ „ 



Together - - - 57i descending empty wmtomc 
Deduct . - - 17i r.r -^ 

40 tons preponderance 



« torn X «66 K»»iQ- - 186e.4 

tOlom+ir.S -f 17.5 - 75 ucencUng 
and defending w>{:oni 75 x 1^-44 - 933^ 

2799.40 
Grtrity of rope - 5.5 tons x 46-66 - 356.66 
Friction of rope — ^ of 5i toM = - 597.00 



3653 -i- 37} (hoTHB' pover at 10 mileO — 97} horsea m. pover 

of Engine, My 100 hoiwB, or two of -- -- . -- -501* 
Addforstag^ 1} mile goods di»wn towards Liverpool, mjr two 
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LOGOMOTTYE AND FIXED ENGINES, 



AS APPLIED TO RAILWAYS. 



The increasing importance of Railway commttnieadons 
renders it very desirable that the principle of applying 
steam power should, in all cases, be well understood; and 
from flie int^i^st which has been excited by the late discus- 
sions on the best method of conveying goods on the Liver- 
pool and Manchester Railway, it is evident that the public, 
as well as the Proprietors of that great work, are not insen- 
sible of the advantages to be derived from its application. 

It was in the latter part of 1828 that the* Directors of tte 
Liverpool and Manchester Railway turned their attention 
to this subject The great etpense which has been incurred 
in forming the works rendered this an investigation of 
much importance. 

A deputation from that body made a tour through the 
northern part of the country for the purpose of collecting 
information from the experience of others: their opinion 
was decidedly adverse to Horse Power, and rather in fa- 
vour of fixed Engines. 

Mr. Stephenson, the Company's Engineer, next visited 
Darlington and Newcastle, and inspected those Railways 
where both kinds of power were employed. In this inves- 
tigation we accompanied him, wherein we had every op- 
portunity of ascertaining the actual cost of conveyance and 
the liabilities of derangement to which each mode was sub- 
ject. Mr. Stephenson, in his Report to the Directors, ex- 
pressed himself decidedly in favour of Locomotive Engines. 

This Report differing in some degree from that of the 
Deputation, it was deemed necessary, in order to come to 
a satisfactory conclusion, to employ two Engineers, who 
might be able to give the subject their full consideration. 
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Mr. James Walker^ of London, and Mr. Rastricky of 
Stourbridge were named and appointed to inspect the Rail- 
ways in the North: they devoted a considerable portion 
of time to the examination, and embraced a very compre- 
hensive view of the subject 

These gentlemen, however, did not seem to be very fa- 
vourable to one system more than another, although they 
considered Fixed Engines to be the most economical; and 
they differed essentially in several very important items of 
expenditure with which Mr. Stephenson had previously 
made himself acquainted. 

Notwithstanding the conclusions to which Messrs. Walk- 
er and Rastrick had arrived, the majority of the Directors 
still believed that Locomotive Engines, from the simplici- 
ty of their application to any quantity of trade, would best 
answer the purposes of their Railway. Under this impres- 
sion they offered a premium of £500 for the best Locomotive 
Engine, which, being constructed on the principle of burn- 
ing its own smoke, should take a certain weight at a given 
speed. This offer induced the competition which took 
place at Rainhill in October last, an account of which will 
be found in the following pages. 

The Reports of Messrs. Walker and Rastrick were 
printed by the Directors and circulated amongst the Pro- 
prietors, since which Mr. Walker has revised and repub- 
lished that part which was written by himself, and <;aused 
it to be generally circulated. It is our object to examine 
how far the statements it contains are consistent with the 
experience before us. 

We indulge not in speculative theories, and we shall of- 
fer no opinion that has not been substantiated, either by 
daily practice or more recent experiments. 

Liverpool^ February ^ 1830. 



OBSERVATIONS, &c. 



The advantages which Railways posseas over every other 
mode of conveyance at present known, are not only attri- 
butable to the smooth and hard surface which the iron rails 
present to the wheels of carriages rolling upon them, but 
also in a great degree to the facility of applying Steam 
power as a Locomotive Agent. 

It is considered by some that horses, in point of eeono- 
my, are preferable to Locomotive Engines; while others 
have advocated that mode called *^ the reciprocating plan 
of conveyance by Fixed Engines. '^ Each system has its 
peculiar advantages, depending chiefly on the nature of the 
surface of the country, and on the extent and character of 
the trade. 

The horse may be said to be preferable when the quan- 
tity of goods to be conveyed is small, the distance short, 
and when coals are so scarce as to render the use of steam 
power less economical. 

Locomotive Engines are best adapted for Railways that 
are continuous and horizontal, where. the desideratum is 
despatch, and particularly when the conveyance of passen- 
gers becomefs an important part of the trade. 

Fixed Engines with ropes are most suitable for hilly 
countries, where the gravity of the horse, as well as of the 
Locomotive Engine, becomes a material part of their whole 
power. 

It may easily be imagined that a difference of opinion 
may exist, as regards the economy of these different modes, 
in their application to particular localities. Our object is to 
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compare the merits of Locomotive and Fixed Engines on a 
horizontal Railway, or nearly so. 

Previous, however, to entering into the question of the 
general conclusions to which Mr. Walker has arrived, we 
shall examine the correctness of the data employed by him 
in the following order: — 

1st Friction of Railway Carriages. 

2d. Estimate of the mechanical effect of a Locomotive 
Engine moving at the rate of 10 miles per hour, and its 
requisite weight 

3d. The mode adopted for ascertaining the average per- 
formance of Locomotive Engines at present in use on the 
Darlington and other Railways. 

4th. The consumption of fuel. 

5th. Annud repairs. 

The friction of carriages moving on Railways is certain- 
ly not *^ well agreed,'^ as Mr. Walker has supposed, to be 
l-180th of the weight moved, or 12} lbs. per ton. The 
most popular work on this subject, and where the most care 
seems to have been taken to procure accurate results, is that 
of Mr. Wood, who instituted a set of experiments for the 
purpose: he has invariably represented friction at 1 -200th, 
or m lbs. per ton; and, considering the imperfect state of 
the road where these experiments were made, we should 
not think that it would be increased on a '^ well-construct- 
ed Railway. *' Indeed, from some experiments recently 
made on the Liverpool and Manchester Railway, with a 
carriage having the bearings on the outside of the wheels, 
the friction was found to be only l-280th of the weight, or 
8 lbs. per ton; but, since these experiments were made un- 
der the most favourable circumstances, (the rails being pre- 
viously swept,) with a new carriage fitted up for the pur- 
pose, whilst those of Mr. Wood were made under all states 
of the road, and with wagons that had been for some time 
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IB use, Tre bare thought it better to adopt bis formuU: and 
we know of no experiments that could warrant friction to 
be represented at 12| lbs. per ton, except thoK which Mr. 
Walker himself made on a stone pavement road which is 
now constnictiog in the neighbourhood of London, and 
which, we believe, was ezaetly ISi lbs. per ton; but no 
one for a moment can suppose, that the resistance on a 
smooth iron Railway can be as much as on a stone road. 
Smoothness and hardness are necessary qaalities in a good 
xoadf and so long as iron possesses them in a greater degres 
than stone, it follows that the amount of friction will ever 
be less. 

In estimating the effect of a Locomotive Engine, moving 
st the rate of 10 miles per hour, Mr- Walker commences 
by assuming the power of an Engine weighing 8 tons to 
be uniformly equal to 10 horses, and a horse equal to 33,00d 
lbs. raised 1 foot per minute. 

Much has been said by various writers on mechanics re- 
specting the uncertainty attending the practice of desi^ 
nating the power of machines in terms of horses, since 
eminent Ihigineers differ widely in their estimate of the 
latter power. This difference of opinion, however, is of 
little importance, so long as it is understood upon which 
formula we found our calculationa. We shall, therefore, 
for the sake of clearness, adopt the same estimate of a horse's 
power as Mr. Walker has done, viz. 150 lbs. moving at the 
rate of 2 j miles per hour. 

The effect of high-pressure Engines is now almost uni- 
yersaily admitted to depend, not so much on the size of the 
^U^der, as upon the quantity of steam which the boiler 
f»n generate, and upon its degree of elasticity. The capa- 
bility, tiierefore, of a high-pressure Engine is most accu- 
rately ascertained by the size and construction of the boiler, 
and more especially by the latter, since the quantity of 
steam supplied by boilers of the same dimensions is mate- 
rially influenced by the manner in which the fire is applied. 
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To explain thb by an example, let us suppose two high- 
pressure Engines constructed precisely alike in every par- 
ticular, except in the height of the chimney: in this re- 
spect let one have a chimney 20' feet high, and the other 
one of 40 feet high; it is clear that the draft created, and 
consequently the temperature of the fire connected with the 
latter, will be much greater than that connected with the 
former. 

Supposing, under these circumstances, that the quantity 
of steam generated, and the consumption of fuel, be in di- 
rect proportion to the temperature, it is obvious that the 
power of the two Engines will be proportionate to the 
quantity of fuel consumed. 

Hence, we perceive that the power of high-pressure En- 
gines is more directly connected with the quantity of fuel 
consumed in a given time than with the size of the cylin- 
der, or even the capacity of the boiler itself. We are 
aware that the above assumption relative to the quantity of 
steam and consumption of fuel being in the direct ratio^to 
the temperature of the furnace, may be deemed gratuitous. 
This does not, however, affect the result, for it is clear that 
the quantity of steam generated in a given time, and also 
the quantity of fuel consumed, will bear some proportion 
to the temperature. Whatever this proportion may be, the 
respective powers of the Engine will still be governed by 
the quantities of fuel more thai^by the size of the boiler, 
or any other part of the Engine. It will, therefore, be 
readily inferred that as much steam may be generated in a 
small boiler as in a large one, if the temperature of each 
be duly proportioned; or, in other words, the same Engine 
may be greatly increased in power, by applying means to 
increase the temperature of the fuel. 

In taking this view of the subject of Steam Boilers, no 
regard is paid to the comparative economy of fuel, it not 
being our object in this place to enter upon a subject on 
which there are two opinions so widely different Some 
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En^neers maintain that economy in the consumption of 
fuel applied to Steam Engines is most efficiently aecom* 
plished by allowing combustion to proceed at as low a tern* 
perature as is consistent with circumstances, and make up 
for a deficiency in this respect by increasing the quantity 
of fuel in combustion, and also the surface by which the ca« 
loric is transmitted to the water in the boiler. The truth 
of this view of the subject is not unfrequently very striking- 
ly exemplified in practice. The other opinion, which is 
advocated by several scientific gentlemen, is diametrically 
opposite to that already mentioned. It is maintained that 
the more elevated the temperature the greater is the eco* 
nomy of fueL This opinion, hence, differs from the for- 
mer by substituting intensity of temperature for the area of 
heating surface. 

In Locomotive Engines hitherto constructed, the area of 
the surface in the boiler acted upon by the fire is much less 
than that generally employed in Stationary EngineSj^ and 
hence it is that the consumption has been much greater to ' 
produce equal effects. This inconvenience has been sub- 
mitted to, in order that simplicity and compactness might 
be achieved'. 

To compensate for the loss of heating surface it was ne- 
cessary to augment the temperature of the fire. This was 
efiected, shortly after the first Locomotive Engine was tried 
on the Eillingworth Colliery Railway, by conveying the 
steam into the chimney, where it escaped in a perpendicu* 
lar direction up the centre, after it had performed its office 
in the cylinders. The velocity of the steam on entering 
the chimney being much greater than that due to the as- 
cending current of air from the natural draft of ihe furnace* 
the efiect was ^to increase the draft, and consequently the 
temperature of the fire. 

From what has already been said respecting the connex- 
ion existing between the power of high-pressure Engines, 
the temperature of the furnace, and consumption of fuel, it is 

8 
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obvious by this contrivance for augmenting the draft, that 
a corresponding increase takes place in the power of the 
Engine. This being admitted, to which there is no reason- 
able objection, let us suppose that a Locomotive Engine, 
moving at the rate of four miles an hour, has its velocity in- 
creased (by reducing the load one*half) to eight miles per 
hour — it is evident the steam from the cylinders will es- 
cape into the chimney at twice the velocity; an increase of 
draft is the result, accompanied with a more k*apid conauDrip- 
tion of fuel, and consequently a more profuse generation 
of steam. Since it has been shown that the power of these 
Engines, tinder similar circumstances, is chiefly dependent 
on the quantity of fuel consumed, it is evident that by this 
application of the waste steam to accelerate conibustion, the 
power of the Engine actually varies under different veloci- 
ties. The precise law by which this augmentation of power 
is governed remains yet to be determined, and must depend 
on future experiments. The detail of experiments made 
' with the << 9^^^^^/' ^^ Rainhill, subsequent to the com- 
petition, will suffice to prove, without doubt, that such an 
increase of power does really take place as the velocity of 
the Engine is multiplied. This curious fact, connected 
with the construction of Locomotive Engines on the princi- 
ple of the ^^ Rocket," has not hitherto, we believe, been 
represented in this manner; and it is so important, that any 
calculation neglecting its consideration at high velocities 
must be regarded as futile and absolutely false. 

Mr. Walker takes the power of a Locomotive Engine, 
of the size and construction of those used upon the Darling- 
ton Railway equal to ten horses, at 2i miles per hour. 
Presuming that the effect is inversely as the velocities, he 
reduces the power of the Engine at ten mifes per hour to 
2i horses' power, or = 375 lbs. This conclusion would 
have been perfectly correct if the quantity of steam gene- 
rated in the boiler in equal times were the same at all ve- 
locities; but the fallacy of this assumption, in reference to 
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JLocomotive Engines, has been sufficiently explained in the 
foregoing remarks. 

From the method adopted by Mr. Walker to ascertain 
the effect of Locomotive Engines at different velocities, he 
deduces a gross weight of 19} tons at ten miles per hour, as 
a proper load for an Engine weighing 8 tons. The weight 
of a Locomotive Engine is so very important in the inquiry, 
that we are surprised that no reason has been assigned for 
stating it at 8 tons. It ought not to be inferred, that be- 
cause the Engines on the Darlington Railway are of this 
weight, that similar ones would be required on the Liver- 
pool and Manchester Railway, where the occasional ascents 
to be overcome are trifling, when compared with those on 
the former. 

To explain this more clearly: on the Darlington Railway, 
although its average fall be 1 in 246, there are several 
planes which are level, or nearly so, and others that ascend 
1 in 100. The Engines have to overcome in their regular 
work the resistance of 20 loaded wagons on a level, and of 
20 empty ones on an ascent of 1 in 100, at the rate of four 
miles per hour. 

4 

Weight of 20 loaded wagons = 80 tons. 
Engine and Tender • . . = 12 „ 

92 tons, 
or 206,080 lbs.-^200= 1030 lbs. the maximum resistance 

with a load at four miles per hour,* — j^p-=412 lbs. at ten 
mites per hour: — 

In returning, weight of Carriages 25 tons 

Engine and Tender 12 „ 

37 = 82,880 lbs. 
82,880,-^200 = 414 lbs. friction. 
S2,880,.*-100 = 828 „ gravity. 

1242 „ the maximum resistance with the 
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•Qipty wagonsy »t four miles per hour, or ^4f ' ^ ^a 497 lb0> 
at 10 miles per hour. 

But since Mr. Walker takes 375 lbs. as the effect oF a 
lO-horse Ehginei it follows^ that the Darliogton Engines 
are daily working to upwards of 13 horses' power, yet 
they do not exceed 8i tons, exclusive of tender. If 
we examine the statement sent by Mr. Sinclair to Mr. 
Walker, respecting the performance of the **Lancashire 
Witch/* on the Bolton and Leigh Railway, where 8 wa- 
gons, each weighing 8160 Ib^., form the fair every-day load, 
and are propelled up an ascent of 1 in 432 at the rate of 6 
miles per hqur, then — 

8160 lbs.x8+23,856 lbs. (weight of Engine & Tender) 
«= 89,136 lbs. total weight moved. 

?^ = 206 gravity. 
^^ = 445 friction. 



651 lbs. total resistance. 



And — jg — =5 390.6 lbs., which, at 11^ lbs. for friction, 

leaves, after deducting weight of Engine and wagons, 16 
tons of goods at 10 miles per hour; but allowing it to be only 
15i tons, which Mr. Walker admits to be the ^^ practical, 
fair, every day's work'' of this Engine, it is easily shown, 
that the difference between 15i tons and 13 tons for an En- 
gine's load affects very materially the ultimate results. It is 
calculated that 2,000 tons will pass each way between Liver- 
pool and Manchester daily, which is equal to 4000 tons over 
30 miles, or 120,000 over one mile. One Engine is pro- 
posed to travel 90 miles per day with 13 tons of goods, 
equal to 1170 tons over one mile; consequently, 102 En- 
gines would be required to perform the work: but if each 
Engioe took 151 tons, only 87 Engines would be required. 
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Therefore 15 working and three spare Engines would b0 
saved^ which would produce a reduction in the first cost 
amounting to near jSI 1,000, and a saying in annual cost of 
nearly £5,000. 

This calculation is brought forward to show how impor- 
tant it is to take into accounjt the most recent improvements 
in this class of Engines. The ^^ Lancashire Witch" was the 
most efficient Mr. Walker had examined, and the deductions 
from its performance would have approximated nearer the 
truth, than data drawn from the Darlington Engines that 
have been several years in use, and working under very 
great disadvantages. 

Scarcely a single journey is performed by these Engines 
without being interrupted by the horses or other trains o( 
carriages passing in a contrary direction, there being only a 
single line of road, with passing places. At each end of 
the distance traversed by the Engines great delay is occa- 
sioned from the irregular supply of carriages, which, from 
the nature of the trade, and other local circumstances, it is 
impossible to avoid. 

None of these disadvantages are taken into consideration 
by Mr. Walker; he even neglects the consideration that all 
the Engines he examined were constructed to move at mo- 
derate velocities; and in determining the effect jproduced by 
those used at Darlington, a most unaccountable oversight is 
committed. In this distance several different rates of ascent 
occur where the Engine is required to exert a power much be- 
yond the average performance. In the adaptation of Engines 
to this line, it was requisite to construct them in such a man- 
ner that these ascents might be surmounted without difficul- 
ty, though such a construction would render them less suita- 
ble to the more fsif^ourable parts of the line of road. This is 
evidently a great drawback, for which, instead of making a 
due allowance, the line is assumed by Mr. Walker to as- 
cend uniformly at the rate of 1 in 246, being the average 
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of a series of planes, varying from a level to an ascent of 
1 in 100. Several miles of the distance ascends from i to 
nearly # of an inch per yard, where the Engines are daily 
exerting a much greater force than Mr. Walker affixes to 
them; and it ought to be observed that this increase of 
power is not called into action by any improper means, 
such as he supposes to take place when experiments are 
made merely to show what the Engine will do. It is re- 
markable that this method should have been adopted in cal- 
culating the actual performance of the Engines, when in 
another part of his Report Mr. Walker says — 

** From the account of work of the Hetton Engines, we 
iind they are doing less than the others, owing, as we have 
calculated, to the rise in one part of their journey being 
too great for their application.'' 

Now, if the rise in one part of the line of road in this 
instance reduces the effect of the Engines, is it not evident 
that the ascents in the Darlington Railway should operate 
in the same manner, and in a proporticrnate degree? Though 
this is, from the above extract, Mr. Walker^s opinion, he 
has deserted it entirely in making his calculations respect- 
ing the performance of the Darlington Engines. In order 
to show, in as clear a manner as possible, the inconsistency 
of estimating the effect of a Locomotive Engine on a level, 
from that produced on a road consisting of a series of in- 
clined planes, some of which nearly approach the utmost 
limits of ascent where Locomotive Engines can be pro- 
fitably employed, we will take an imaginary case, where 
animal power is used. Let us suppose that a Railway, 20 
miles long, ascends on an average ten feet per mile, making 
the total ascent 200 feet. If the ascent in the first instance be 
taken uniformly, a horse will pass over 2% miles with a load 
of 7 tons, which may be considered a fair average day's 
work. Instead of the ascent being uniform, let it be irre- 
gular, and in some places to aScend so rapidly as to require 
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tin assifltant horse, to enable the load to pass uninterrupted* 
ly. Here, therefore, we are compelled to have two horses' 
to accomplish the same work that one would do if the as- 
cent were uniform. It must be granted that the assistant 
horse would not in this case be fully employed; but although 
the additional power may not be fully employed, it i» 
still necesrary to overcome the increased resistance. 

This case is a precise parallel to the Locomotive Enginer 
on the Darlington Railway. 

In quick ascents they exert occasionally, in ascending witb 
the empty wagons, a force equal to 1242 lbs., whereas if the 
road be assumed to ascend uniformly 1 in 246, the greatest 
resistance would only be 751 lbs. We may take an extreme 
case, by conceiving a Railway to consist of a number of le- 
vel planes, with intermediate ascents so great as to require 
the whole power of the Engine to propel itself. Here Lo- 
comotive Engines would be entirely useless; whereas if the 
ascent were made uniform, they might be the best possible 
kind of motive power that could be employed. 

The consumption of fuel being much greater in Locomo* 
tive than Fixed Engines, it becomes a highly interesting, and 
indeed an essential point to determine the proportion with 
precision, before a correct comparison can be instituted be- 
tween the merits of the two systems of conveyance. 

It is probable that the consumption of fuel by Locomo^ 
tive Engines will always be greater than by Fixed En-^ 

gines. 

In the latter the heat may, without inconvenience, be 
applied in the best possible manner, and care taken to pre- 
vent loss of heat by radiation; but lightness, compactness,, 
and simplicity being absolutely necessary in Locomotives^ 
we are compelled to adopt less economical methods of ap- 
plying the fuel. 

The great disparity which exists in this respect between 
these two kinds of Engines is a sufficient reasoa for making 
diligent inquiry on the subject 
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In his estimate for coals for the Stationary Engines, Mr* 
Walker takes 15 lbs. per hour per horse, which is con- 
siderably below the average consumption of these EngineSy 
except kept in the most complete order; anid even with this 
rare condition, and great uniformity of the work to be 
performed, few Engines are brought so low as 17 lbs.: 
more generally the consumption is 20 lbs. per hour per 
horse power. The fuel consumed by the Darlington Lo- 
comotive Engines appears to have guided Mr. Walker in 
fixing 2i lbs. per ton per mile as the probable average 
consumption on the Liverpool and Manchester Railway. 
The information he received from Mr, Storey, the resident 
Engineer on the Darlington line, respecting the quantity 
of coals consumed in two months by 4 Engines, and of the 
work done in that time, is unquestionably correct; and if the 
Engines had been as adequately employed during this pe- 
riod as Stationary Engines are, when the quantity of fuel 
is estimated, ho objection whatever could have been urged 
against the conclusion to which Mr. Walker had arrived; 
but these Engines are seldom or never kept in regular work, 
on account of the irregularity in the supply of wagons at 
each end of .the journey, which has been already alluded to. 

In considering the subject of fuel in reference to these 
Engines, it is very material to take into account the stop- 
pages to which they are subjected, not from any inherent de- 
fect in the system or construction, but from casualties con- 
nected solely with the character of the trade. 

If, therefore, certain contingencies (in those . instances 
where Locomotive Engines are employed) occasion a waste- 
ful expenditure of fuel, the same influence ought certainly 
to be calculated upon if any other species of power be, ap- 
plied. Mr. Walker does not, however, appear to have 
made any inquiry as to the consumption of fuel by Station- 
ary Engines, where they are employed on Railways and 
subjected to delays similar to those we speak of on the Dar- 
lington line; and instead of drawing a just parallel on this 
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point between the two systemsy he takes the fuel consumed 
by fixed Engines ata minimum, even under favourable cir« 
cumstances, and employs in his estimate the maximum, or 
nearly so, of coals consumed by Locomotives under very 
unfavourable circujSDstanceSi 

It is extremely difficult, if not altogether impracticable^ 
to determine accurately the quantity of fuel consumed by 
Locomotive Engines during the time they are actually in 
operation on any of the Railways where they are adopted. 
To arrive therefore at data to enable us to compare them 
with Stationary Engines, we are compelled to rely upon 
experiments made expressly for the purpose^ which, if made 
carefully and impartially, are certainly more valuable than 
information derived from, and applicable only to, particular 
localities. When it is stated that experiment is most valu- 
able, it must be understood that we refer to the comparison 
between the two classes of Engines similarly situated. Se* 
veral experiments with different Locomotive Engines are 
detailed by Mr. Wood, in his treatise on Railways, which 
give the consumption of fuel as follows: — 

No. 1 Experiment . * 2.9 lbs. of Coal per tdn per mile* 

2 Ditto . . . .2.13 ditto ditto. 

3 Ditto . . . .2.05 ditto ditto. 

4 Ditto . . . .2.34 ditto ditto. 

5 Ditto 4 i, . .1.60 ditto dittos 
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Nos. 1 and 4 are the only experiments which could war* 
rant the consumption taken by Mr. Walker; atid when the 
construction of the Engine is taken into account, this large 
quantity of fuel required is satisfactorily explained. The 
experiments 2, 3, and 5, were made with wheels of 4 feet 
diameter, to show the economy arising from large wheels^ 
and the result approximates much nearer a true average, as 
compared with Fixed Engines, than that taken from the tc* 
counts furnished from Parlington^ 
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The above experiments were made with Engines having 
a single fire tube through the boiler, similar to the whole 
of those on the other Railways visited by Mr. Walker, ex- 
cepting one at Darlington, which has a double tube, and 
presents a greater surface to the fire. • 

Mr. Walker speaks of this construction as a great im- 
provement, yet he rejects the experiments made with this 
Engine (for the express purpose of ascertaining the con- 
sumption of fuel,) and calculates upon the data he received 
from Mr. Storey, relative to the fuel required during two 
months by Engines which he acknowledges to be construct- 
ed upon less economical principles. That the experiment 
just alluded to is good data upon which to form a judg- 
ment, the following by Mr. Wood will show in a very sa- 
tisfactory manner: — 

The Darlington Engine with a double tube, gave the con* 

sumption 1.60 per ton per mile. 

Mr. Wood's experiment. No. 2, gave 2.13 d itto. 

Ditto, 3, „ 2.05 ditto. 

* Ditto, 5, „ 1.60 ditto. 

Taking into consideration the smaller quantity of surface 

exposed to the fire in the Killingworth Engines, the accord- 
ance is as near as could be expected, since difference in the 
condition of the Railway, as well as in the state of the wea- 
ther, would occasion some discrepancy. 

The " Lancashire Witch,'' from the Bolton and Leigh 
Railway, has recently been employed on the Liverpool and 
Manchester line, to draw marie, &c., from an excavation on 
a part of the road exactly level. The construction of 
this Engine is different from any at that time in use, and 
it was interesting to know whether any economy in the 
consumption of fuel was produced. Two distinct tubes 
pass longitudinally through the boiler, each of which con- 
tains a fire. The object of this arrangement was to apply 
a larger quantity of fire, as well as to obtain a greater ex- 
tent of surface. The following experiment was made with 
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this Engine, and the greatest Mtention was paid to obtsdn 
accurate results. 

In 12 hours 158 wagons of marie and sand, each weigh- 
ing 4 tons, exclusive of carriage, were conveyed over a dis- 
tance of 1 4-1 0th miles, or 884 tonB over one mile, without 
any allowance for back carriage, which was 158 wagons, 
each weighing 20 cwt., over 1 4-lOth miles, or 221 tons 
over one mile. Two-thirds of the weight of the empty car- 
riages may be supposed goods: the performance will there- 
fore stand thus: — 

884 tons of gbods over one mile in one direction. 

147 „ of ditto over one mile in the other direction. 



1031 „ total conveyed by the Engine over one mile. 
Coals. — 15 cwt. consumed by the Engine. 
1 „ in heating water. 

10 „ total weight consumed. 
This, divided by 1031 tons, gives 1.73. lbs. per ton of goods 
per mile. 

From the duration of this trial it almost loses the cha- 
racter of an experiment, and may be regarded as the near- 
est approximation to a fair average consumption. This is 
on the supposition that the Engines are fully employed, 
which becomes a vital condition when Locomotives are to 
be compared with Stationary Engines. 

On the annual repairs of Locomotive Engines we agree 
with Mr. Walker, that there is little ground for speculation 
respecting the original cost of these Engines, and the men's 
wages in working them. So far, therefore, in our calcula- 
tion, we adopt the same amounts; but we think his estimate 
of annual repairs is considerably overrated, and, we believe, 
not borne out in any singly instance by experience. It would 
have been more satisfactory if Mr. Walker had given his 
reasons for estimating the annual repairs so high as to make 
the yearly cost of keeping, in complete ordefr, one Locomo- 
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tive avunint, to igl07. 8s. With the exception of one item 
in this .estimate, viz., "fire-bars," they are all at variance 
with pur experience for upwards of 14 years; but as no ex- 
planation of the individual items is given, we refrain from 
entering into an investigation of each separately. 

We have been favoured with an account of the actual an- 
nual cost incurred in keeping in repair the Locomotive En- 
gines on the Springwell and Darlington Railways. On the 
former, two Engines have been employed about 4J years, 
and, according to the account furnished by Mr. John Wood, 
the colliery viewer, these Engines cost, during the year 
1827, as fQllow6:-T- 

Wright work . r , - r - * » f £10 15 5 

Pmithwork .. ^ ...--- 40 17 3 
pundiy tradeemen's accounts - 50 2Q 

£101 14 8 
Pedttct old materials •.--.-. -9 19 S| 

Total cost of repairs for two Engines . - - r r £91 15 4^ 

Or, for one Engine -------- JE45 17 8i 



m 



The same Engines cqst during the year 1828: — 

^mithwork .^.^ £22 15 

Malleable Iron Bars » ^.27 83 

Wright work 432 

Sundry tradesmen's accounts, including Carting, Stop Cocks, 
Pumps, Clacks, &c. - - » - - r - 31 17 6J 

Total cost of repairs for two Engines . - r - - £86 3 llj 

Or, for one Engine -. £43 1 11} 

In 1829 the annual repairs -of four of the D^lington En- 
gines, as per account, carefully taken by Mr. Hackworth, 
exclusive of Fire Bars, are, £154 8 

^dd for Fire Bars . -24 00 

£178 8 
Or^ for one Engine -----.-. jE44 12 
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The near coincidence existing Between these two esti- 
mates^ made by different individuals^ is a strong proof of 
their accuracy; and when we consider that they refer to 
jBngines without springs, and some other recent improve* 
mentSy we are satisfied that £50 is an ample allowance for 
the annual repairs of X<ocomotive Engines more recently 
made. 

The necessity of employing Fixed Engines for the pur- 
pose of assisting the Locomotives to ascend the Rainhill 
and Sutton inclined planes, comes next to be considered. 

These planes have a rise of 1 in 96, and were originally 
laid out for Fixed Engines; but, since that time, Mr. Ste^ 
phenson has recommended the use of Locomotives entire* 
ly, and in his Report to the Directors on that subject says — 

" I propose each Locomotive to take 30 tons of goods, 
and to keep an assistant Engine at the bottom of each 
plane, which will make the load of each 15 tons, or, with 
the wagons, 22 tons, and they will be enabled to ascend at 
the rate of 6 miles per hour." 

, Mr. Walker has taken great pains to investigate this sub- 
' ject, and has made several calculations to show how hope- 
less it is to expect Locomotives to work on these planes. 
He states that the effect which an Engine weighing, with 
its tender, lOJ tons is capable of exerting, is only 375 lbs.; 
and that it will only "just move its own weight up the hill 
at 10 miles per hour, and, consequently, an additional num- 
ber of Engines could do no good, as the weight of each 
would be its load.'' Adding — ** It would consequently be 
doing an injury to the Locomotive system to apply it to 
this work, for which it is evidently unfit. However good 
it may be in itself, it has its limits, and an ascent of 1 in 
96 is palpably beyond them, where. the length and requi- 
site speed are so great." 

It very fortunately happens that there is already experi- 
ence enough to decide which of these two opinions approx;- 
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imates nearer the truth, and we are surprised that Mr. Wal- 
ker should have entered into a lengthened calculation to 
prove what every day's experience demonstrates to the 
contrary; for there is no doubt but that three-fourths of the 
Locomotive Engines, now in use, are daily exerting a force 
greater than would be required to ascend the Rainhill planes 
at 10 miles per hour. 

We have before had occasion to observe, that the Dar- 
lington Engines have frequently to exert a force equal to 
1242 lbs. at 4 miles an hour, or 1242 X 4-5- 10 = 497 libs, 
at 10 miles an hour. 

Qn the Springwell Railway, where two Locomotives are 
used, and where the angle of inclination varies from l-280th 
to l-80th, the average being 1 in 122, one Engine travels 
with 18 wagons weighing 22i tons, or with Engine, &c. 
33 tons, at an average speed of 6 miles per hour. 

In the first place, the average resistance for the whole 
length of the line will be — 

Gravity 606 lbs. 
Friction 370 „ 



976 X 6 -5-10 = 585i lbs. the effect at 10 miles 
an hour. 

In the Second place, the occasional resistance on a rise 

of 1 in 80 will be — 

■' ,■/ 

Gravity 924 lbs. 
Friction 370 „ 



. 1294 X 6 -MO = 776 lbs. 

But as this part of the road is not very long, we have 
thought proper to take the average of the whole line. 

From an experiment made on the Bolton and Leigh Rail- 
way with the " Lancashire Witch,'' it appears that 58 tons 
were moved up an inclination of 1 in 432 at the rate of 
8 8-lOth miles per hour, which gives the effect at 10 miles 
per hour equal to 836 lbs. 
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Mr. Walker rejects this experiment, because he supposes 
the safety-valye was tied down, and because the distance 
run was not sufficiently continuous; yet we should think, 
that with such a load, and at a speed of near 9 miles an 
hour, the r^tpid abstraction of steam from the boiler would 
prevent all necessity of fastening down the valve; and the 
distance was very little short of the length of the Rainhill 
inclined plane, and therefore bears some resemblance to the 
point in question. 

On the Hetton Railway the rise in one part is consider* 
ably more than the average of the whole length, the former 
requiring the Engine to exert a force equal to 488 lbs. at 
10 miles an hour, while the latter, which is stated to be 
the Engine's real performance, is only 343 lbs. 

If we recapitulate the foregoing, we shall have for the 
ejBfect produced on the 

' Darlington Railway 497 lbs. 

Springwell Railway 585} „ 

Bolton and Leigh Railway .... 836 „ 
Hetton Railway 488 „ 

Now, the whole of these results (excepting that of the 
*^ Lancashire Witch,'' just referred to,) are derived from 
the every-day work of Engines which have been in use for 
the last five or six years:-— and, suppose that the force re-^ 
quisite to propel an Engine up the Rainhill inclined plane 
be 375 lbs. as has been stated by Mr. Walker, it is evident 
that the whole of these Engines are exerting a greater force 
than would be required to surmount such an inclination. 

The abrupt ascents which frequently occur on these Rail- 
ways will> in some degree, account for the weight of the 
Engines employed on them. The estimate of their actual 
performance has been erroneously made by considering the 
line to rise uniformly from one end to the other, forgetting 
that the Engines are obliged to be made so heavy as to be 
able to overcome the greatest acclivity, and that the surplus 
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Iveight upon other parts of the road becomes a clog up<m 
the Engine, and reduces its beneficial effect 

But to reduce the effect of Locomotive Engines on in- 
dined planes to a still greater certainty, some experiments 
have been instituted on the very plane in question, which 
must remove every doubt on the subject. 

ExPEHiMENT First. — Thfe " Rockef Engine, weigh- 
ing 4i tons, including the weight of water in the boiler^ 
took a load of "* 

Engine . . . i . 4 tons 5 cwt. 

Tender 2 „ 10 „ 

Wagons and Load . .8 „ 10 ^, 



15 ,, 5 ,, up ati inclination 
of 1 in 96 in 5' 35", the distance being IJ mile, which id 
at the rate of 16 miles an hour. 

Experiment Second. — Engine . . 4 tons 5 cwt. 

Tender . . 3 ^^ y. 
Wagons . . 13 ,, 7 „ 

20 „ 12 „ up 

the same inclination and the same length in 7' 10", which 
is at the rate of I2i miles an hour. 

In confirmation of these it may be added, that during se-» 
Veral trips up this plane with a coach containing 30 per- 
sons, a speed of 24 miles an hour was maintained. 

No care in these experiments was taken to render them 
more striking than the ordinary work of Engines would 
justify. The " Rockef had a lock-up safety-valve, load- 
ed to 50 lbs. on the square inch, and the rails, if any thing, 
were in a worse state than they usually are. Our object 
being solely to ascertain whether such an inclination might 
not be overcome by an Engine of that weight. 

That these experiments have sufficiently answered the 
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purpose, tor which they were intended is quite evident; and 
even if facts had been wanting to prove the fallacy of Mr. 
Walker's position, these, from their direct application to 
the point in^ question, cannot fail to remove a difficulty 
wUch such a statement was calculated to create. 

On the 19th of October some farther experiments with 
tiie same Engine were made, to determine what load was 
best adapted for regular work. The plane was level* The 
distance in one direction was li mile, the weight attached 
was 30 tons. Tender 3 tons, Engine 4i tons. 

Weight. Space. Time. 

1st Trip Eastward 37J tons, limile. & IC/' 

Ditto Westward... Srj „ IJ „ 6^46" 

3d Trip Eastward. . . .37* „ IJ „ 7' 54^' 

Ditto Westward. . .37i „ IJ „ 6f 4ii" 

3d Trip Eastward. . . .37* „ 1 J „ & 35" 

Ditto Westward... 37J „ IJ „ 7' 12" 

9 miles in 41' 18'^ ss 13 miles per hour. 

Weight Space. Time. 

401 Trip Eastward.... 41 J tons. 1 J mile. & S(/' 

Ditto Westward... 41J „ IJ „ 6^45" 



3 miles in 13' 15" 3= 13 J miles per hour. 

Weight. Space. THme. 

SthTrip Eastward. . . .46* tons. 1^ mile, er IST' 

Ditto Westward. . .46* „ li „ 6^50" 

3 miles in 13' 8" = 13* miles per hour. 

It may appearsingular that the increase of weight should 
be attended with an increase of velocity, but this may be 
accounted for by the steam rising during the times that the 
wagons were fixing on, and also by the Engine getting in 
better workihg order after a few trips; but taking every 
thing into consideration, we regard the average rate of per- 
formance on that day to be 37 j^ tons, (gross,) or 20 tons of 
goods> at 13 miles an hour. 

10 
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In an experiment whioh was aftemwrds made^fli a groMr 
load of 34) toM, in starting from one end of the stage tbe 
steam was so low that the Engine oould only just mo^e 
the load* During the first quarter of a mile the average 
rate was not more than 5 or 6 miles an hour; in the next 
quarter it increased, and on arriving at the other end of the 
stage we were moving at the rate of upwards of 12 mileff 
an hour* No additional fuel was put into the fire daring 
the whole length of the stage, nor was any extra steam 
thrown into the cylinders; in short, not a valve nor any 
part of the Engine was interfered with, but was left to ex- 
ert such power only as an ordinary fire might be capable 
of generating. 

Experiments generally are deemed objectionable, because 
the Engine is forced beyond whsTt it is capable of maintain- 
ing; but, in this instance, there was more steam in the 
bofler, on arriving at the end of the stage, than there was 
at the commencement; and hence the conclusion, that the 
power of the Engine is at least adequate to move a grosa 
weight of 34i tons, at the rate of 12 miles an hour: and whe.« 
tber the speed might not have increased still farther is a 
point which the shortness of the stage alone prevented our 
ascertaining. . We do not, however, wish it to be supposed 
that this Engine would take three times the weight at one- 
third the speed, or 34} X 3 » 103i tons at 4 miles an faevir^ 
because it was made expressly for 12 miles an hour. There 
is, in all Engines, a certain speed for the piston, at which 
a maximum efiect is produced, and, if not strictly adhered 
to, a proportionate reduction in the efiect will be the con- 
sequence; and, therefore, to adopt such a plan of calcula- 
tion would be as unfit and as erroneous as that of supposing 
the speed of the Darlington Engines increaaed to 10 miles 
an hour^ and giving the result «s the efi*eot to be produced at 
that speed. 

To give an example:^ — On the Railway, near Liverpoolf 
an Engine waa employed for drawing the wagona loaded 
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with marie. Its general load was dbout 70 teii% (exeluaiye 
of its own weighty) wbioh it mored at the rate of about 5i 
mike an hour; but when detached, and haying only ita 
own weight to morei we found that it waa incapable of 
AutintainiAg a speed of 20 miles an hour. But if the the* 
ory of proportioning the load inreraelyy as the yelocity, as 
adopted by Mr. Walker, had been eorrect, the Engine 
ought to haye taken 12| tons at that speed. Also, the per^ 
formance of the <^ Rockef £lngtne> at 13 nules an hour^ 
was found to be 87i tons gross, and at SB miles an hour 
the weight of the Engine was its load; but, aceording to 
the same rule, it ought to haye taken 9i tons. 

From the experiments which haye been detailed, it is 
eyident that, on^ a leyel Railway, a Loeomotiye Engine, 
weighing from 4 to 5 tons, will conyey 20 tons of goods, 
exclusiye of carriages, at the rate of 12 miles per hour; and 
that on the Rainhill and Sutton planes, which are each 1| 
mile long, ascending 1 in 96, the same Engine will draw 
8 tons of goods at 10 miles an hour. The force, therefore, 
which the Engine has to exert at those speeds on the leyel, 
and on the inclined plane, is respeetiyely 497 lbs. and 
656 lbs. 

If we calculate the effect which a Loeomotiye Engine is 
capable of producing at 10 miles per hour, haying two 10 
inch cylinders, with pistons, moying 180 feet per minute, 
and an eflectiye pressure of 25 lbs« per square inch, (being 
one half the elasticity of steam in the boiler,) we shall 
haye 157 inches area of the cylinders X 26 lbs. X 180 feet 
-f- 880 feet per minute (being 10 miles per hour) » 803 lbs* 
the power of the Engine, which exceeds the resistance of 
8 tons of goods^ on a plane ascending 1 in 96, by 147 lb&: 
hence the Engines are fully adequate to the load assigned. 

iSince the Engines are proyed to be more than equal to 
the resistance of 656 lbs. and proposed to work at tiiis, it 
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may seem inconsistent to apply a load on the lerel, the re« 
sistance of whic& only amounts to 497 lbs. 

Experience, however, has shown, that though a Loco-* 
motive Engine may be constructed capable of overcoming 
a certain resistance, where unavoidable and peculiar local 
impediments render it expedient, it is injudicious to work 
regularly with a load that approximates so nearly to the 
utmost effect of which it is susceptible. This is the rea- 
son why the load has been so apportioned on the inclined 
planes and on the level; that on the former being 656 lbs. 
and on the latter only 497 lbs. 

The load for the Locomotive Engines on the Liverpool 
and Manchester Railway is therefore taken at 20 tons, ex- 
cept at Rainhill and Sutton, where assistant Locomotive 
Engines will be required, each capable of ascending with 
12 tons of goods at 10 miles per hour. 

Admitting, as it is in Mr. Walker's report, that each En-» 
gine will make three journeys daily between Liverpool and 
Manchester, we shall have the work of one Engine, equal 
to 20 tons of goods, conveyed over 90 miles, or 1800 tons 
conveyed over one mile. 

The daily traffic being stated at 4000 tons conveyed 30 
miles, or 120,000 tons conveyed one mile, will consequent- 
ly require 67 Engines to perform the work. 

The assistant Engines requisite at Rainhill and Sutton 
planes being estimated equal to ^ths of the load on the 
level, the daily work to be performed by them will be 

4000 xl2 

20 ** ^^^ ^°^- 

Each Engine, when fully employed, may safely be cal- 
culated to make 20 journeys, or 60 miles per day, which 
is equal to 240 tons. Hence, 2400 tons will require 10 as- 
sistant Engines, making 77 the number constantly at work, 
to convey daily 2000 tons in each direction between Liver- 
pool and Manchester; to which must be added one-fifth for 
spare Engines: the total number, therefore, will be 93. 



77 



ESTIMATE OF CAPITAL BEQITIBED. 

93 BDgincs nd Tenden» at JB600 £$5,900 

4 Water Stationjs at £500 3,000 

Crosang^ at the Bainhill and Sutton inclined planes, for the aa- 

natant Enginea to pass from one line of road to the other • 300 

• — * 

Total capital - . - - i:58,000 



ESTIMATE OF THE ANNUAL COST OF EACH ENGINE. 

One Eng^e and Tender will cost .... £600 
Add one-fifth for spare Engine and Tender - * 120 

Whde cost of 1 Engine at work £720 

Interest of capital, including depreciation^ at 7i per cent £54 
Add annual repairs, as asc^tained by actual observation, on 

the Springwell and Darlington Railways - - - 50 

Wages, Coals, and other expenses, as follows :^- 
Engine-man'a wages^ at 31s. per week - * £54 12 

Assistant - 36 

Coaki — 1 Eng^e has been stated to convey 1800 

tons over 1 nule per day, which at 1.75 lbs. 

per ton per mile, is 3150 lbs. per day, or, 

taking 313 working days in one year, ia 439 

tona per year, at 5s. lOd 138 10 

CSrcaa^ OD, Hemp, &c. 13 

220 12 10 

Annual cost of working 1 Engine ... £324 12 10 



ANNUAL COST OF WATER STATIONS. 

lotereat and depredation on original cost of each Water Sta- 
tion, viz. £500, at 7i per cent £37 10 

Annual repairs, grease, &c. 500 

Coals for each Station, 100 tons at 4s. 6d. - - - . - 22 10 

Attendant 39 



Cost of 1 Station • - - £104 



Annual eost of leading 2000 tons of goods per day each 
way between Liverpool and Manchester: — 
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Aimual cost of WOTkmg 77 Efli^ines, fit £334 128. 10^ -£24^097 8 2 

Annual cost of fiye Water StatiGfns, at £104 each • - 520 

. - ^ £i5»5i7 a a 



This sum divided by 4000 tons, conreyed over 30 miles 
per day^- or for dl£ days, equal 37,440,000 tons conveyed 
over 1 mile, gives the cost at 0.164 of a penny per ton per 
mile, or 4 9-lOths pence for tiie whole distance. 

The method of drawing goods on Railways by means of 
Fixed Engines jind .ropes, called the ^' reciprocating plai| 
of conveyance,'' was said to be invented by Mr. Thomp- 
son, who took out a patent for the improvement 

The plan consists in placing Steam Engines at intervals 
of one or one and a half mile along the whole line of Rail- 
way, and having ropes running on rollers, placed between 
the rails, to extend from one Engine to the other, l^whieli 
the wagons are drawn forward. When a train of wagons 
leaves a station, it takes along with it another rope, techni* 
cally called the ^< tail-rope,^^ which serves to bring back 
the next train which is moving in the contrary direction; 
the rope which drew the first train then becomes the ^^tdit- 
rope,*^ and is drawn back by the former, which then be- 
eomes the ^^ head-rope.^^ This is called the reciprocating 
system. 

As the application of this kind of power is at present 
very limited, there is necessarily a want of experience as 
to its practicability, where despatch and regularity are inr 
dispensable. 

There can, however, be no doubt but that a speed of 10 
or 12 miles an hour, or even more, may be maintained 
during the time the carriages are in motion; but whether 
the stoppages in changing ropes and crossing from one way 
to the other at the Engine stations may not reduce the ave* 
TSge speed very considerably, is a point on which we shall 
offer a few remarks. 
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' The Bninton and Shields Railway has fire eooitiiiacmi 
planea worked by Fixed Engines^ only one of which may 
be said to be on the reciprocating plan; for on three of the 
planes the loaded wagons run of themselves, and the rope 
is merely used to draw back the empty ones; and on ttte 
other the full wagons are . drawn up, and the empty ones 
run back with the rope: from which it appears, that on fou^ 
of the planes it is cmly necessary to use one r^e, the gra^ 
yity of the wagons dispensing with the other. 
' This mode is highly advantageous, in point of simplicity 
and economy, when compared with the reciprocating sys^ 
lem, where two ropes to each train are required. 

The Brunton and Shields Railway has only a single line 
0f rails with a passing place at the Engine stations; but, on 
the Liverpool road, two lines would be required to be 
worked by the same Engine, which consequently lessens 
tiie simplicity still farthw. 

Mr. Walker has shown a plan,* by which the wagons 
and ropes are to be managed at the stations, which, if not 
altogether impracticable, is certainly very complex; but 
this may arise, in some degree, from the nature of the ma- 
chinery consequent upon the system, and not entirely upon 
the peculiar plan which Mr. Walker has proposed. 

Tq explain this by example : — ^The diagram, No. ^ shows 
two trains' of wagons being drawn towards the station. The 
train d having to take the switches at eto cross into the Other 
road, necessarily comes in contact with the rope from the roll, 
No« 2, which is out at the next station. The same obstruction 
arises to the train e by the rope which isjout at the station 
in Ihe opposite direction. < ^ 

. To remedy this, the ropes might be carried on frame-work 
above the loaded wagons, as far as where the latter would 
pass the switches ; but even in that case, the rope, in drawing 

* 

^ Mr. Walker, m a note in the secend e^tion of bis RepQrt;» sayi iJbi$ 
p}uin not bis own, but was stnick out hj Mr* Bfurtii^k. 
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ft train towards any station, wonld reqtiire to be detached on 
arriving at the frame->vork, and the impetus of the wagons 
would not cany themselves and the tail-rope through the 
switches to the place where the next rope] would have to be 
attached. 

There are several methods of arranging the rope rollers for 
this system, which have objections more or less important, 
any of whicfi will require a much* greater stoppage of the 
train at the stations than has been calculated upon. « 

We are convinced of the truth of this, from an investigation 
which we made last year of the relative rates of speed on the 
Brunton Railway, just referred to, which was embodied in 
one of Mr. Stephenson's reports on the same subject 

In commencing from that part of the Railway adjoining tha 
river, we intended to have given a statement of the speed on 
each plane ; but, owing to the wind being so very high, and 
the empty wagons not running freely on some of the planes, 
we were obliged to wait for a considerable time at the sta* 
tions, and we therefore took little notice in passing up, far- 
tiber than tha^t we were nearly two hours in going 5 miles and 
193 yards. 

In returning with a gross load of 31 tons, we had the wind 
in our favour, and the following is the result of the experi- 
ment : — 

Yards long, 2tfme. Siqppaga, 

First Plane 1287 in 5' 10" 8' 20" 

Secondditto 2316 in r 30" 4/ SC/' 

Third ditto 1562 in 6^ 30" & W 

Fourth ditto 1760 in e' 00" 5' 00" 

Fifih ditto 2068 in 5' 10" 0^ 00" 

5|m11es. * 8993 in 30' 20" 23' 50" 

From this it appears, that during the time the wagons were 
in motion a speed of upwards of 10 miles an hour was main- 
tained, which, by taking into account the stoppages for 
'changing ropes, &c. is reduced to 5-| miles an, hour. These 
stoppages, however, would not have been so much if the En- 
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gines had been sufficiently powerful to draw both ways at a 
time, as would be the case on the Liverpool and Manchester 
Railway ; but this advantage may very likely be coanterba- 
lanced by the complication in the machinery necessary to work 
two lines of road. 

We agree nevertheless with Mr. Walker that 2i minutes 
for changing the ropes, &c. is amply sufficient where despatch 
is requisite; but who can look upon 30 miles of Railway, di- 
vided into equal stages, with 40 trains of carriages, moving 
at the rate of 12 miles an hour, and drawn by 20 difierent 
Steam Engines (a delay in any one of which would stop the 
whole,) without feeling that the liability to derangement alone 
is sufficient to render the stoppages extremely uncertain? 
And in considering this long chain of connected power, given 
out by so many machines, with the continual crossings of the 
trains from one line to the other, and subject to the govern- 
ment of no fewer than 150 men, whose individual attention 
is requisite to preserve the communication between two of 
the most important towns in the kingdom, we cannot but ex- 
press our decided conviction that a system which necessarily 
involves, by a single accident, the stoppages of the whole, is 
totally unfitted for a public Railway. We have hitherto spo- 
ken of general disadvantages, but what inconvenience would 
individuals not suffer, on arriving at any particular point find 
that from some accident, which might have occurred several 
miles off, they were compelled to stop, without knowing the 
cause of the delay, and without a chance of any other carriage 
coming up to take them forward ? 

Mr. Walker has compared this system to " a chain extend- 
ing from Liverpool to Manchester, the failure of one link of 
which would derange the whole." But he adds — " there are 
about 20 changes of horses in the mail between London and 
Liverpool, a stoppage at any one of which influences the 
whole; reverting to our metaphor, the chain here extends for 
two hundred miles, and notwithstanding the various chances 

11 
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of accidents and delays, the mail generally arrives about the 
proper tinie," 

We do not see the comparison so strikingly as Mr. Walker 
seems to have done, for when an accident happens to a horse 
in the mail, another is generally brought to supply its place; 
but it would be impossible to supply the place of a 50 horse 
Steam Engine with the same facility. But to place the two 
cases in a parallel position it would stand thus : — In case of 
accident to an Engine or a rope, every train between Liver^ 
pool and Manchester would be stopped until the injury was 
Impaired. So would it be with an accident with the mail, 
■every coach, and cart between Liverpool and London would 
be delayed, but as this sympathy does not exist, Mr. Walker's 
metaphor is quite inapplicable. 

It ongbt not, however, to be inferred that we deem this 
mode of conveyance to be more liable to accidents than that 
hy Locomotives^ but it must be admitted that an accident oc* 
curring to a Locomotive Engine only stops the particular train 
of carriages which is attached to it, and may, therefore, be 
considered only a partial delay, whereas a derangement in 
the reciprocating system, as we have already shown, creates 
a general stoppage. 

in e^mating the cost of conveying goods by means of Fixed 
Engines, the friction and the wear of ropes become tbe most 
important considerations. 

The friction of ropes on a level Railway has hitherto been 
but very partially understood, owing to the diflBiculty of making 
experiments for the purpose of ascertaining it. Mr. Walker 
has given two experiments, whereby he shows that the 
amount of friction is equal to ^V of ^^^ weight of the rope; 
but as he has not given the weights of the wagons, nor the in- 
clination of the road, on which the experiments were made, 
we are unable to ascertain whether this deduction is correct. 

We allude to this more particularly, because in experiment- 
ing for this purpose, the gravity of the rope itself has been 
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almost universally neglected. In the experiments made bjr 
Mr. Wood, he has given the friction of ropes on inclined 
planes of various rates of inclination, but his results can only 
applj to such planes as those on which the experiments were 
performed, because the gravity of the rope was not considered 
a part of the accelerating force. 

The method which we adopted in investigating this part of the 
subject, was by placing so many empty wagons on an inclined 
plane as would move a given length of rope at a uniform ve- 
locity; this being ascertained, it is evident that the gravity of 
the rope and wagons will be equal to their friction. 

ExFKRiMEin!' First. — Three wagons, weighing 72 cwt. 
maintained a speed of 1 i mile an hour, with 930 yards of rope, 
weighing 3397 lbs., on a plane ascending 1 in 33. 

Experiment Second. — ^Four wagons, weighing 96 cwt. 
maintained the same speed, with 1370 yards of rope, weighing 
5004 lbs. 

Experiment Third. — ^Five wagons, weighing 6 tons, main- 
tained a speed of If mile an hour, with 1810 yards of rope, 
weighing 6600 lbs. 

To reduce these to fractional parts of the rope's weight — 

Ist. Gravity of wagons 244} lbs. 

Gravity of rope 103 „ 

347J „ 
Deduct friction of wagona ... 39 „ 

Leaves 308 i „ or ^ of the weight 
of the rope for its friction. 

2d* Gravity of wagons 326 lbs. 

Gravity of rope. ...... 152 „ 

478 
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Deduct friction of wagons ... 52 „ 



Leaves 426 „ or nearly ^ 

3d. Gravity of wagons 407J Ibs^ 

Gravity of rope . . • . . . 200 „ 

607J „ 
Deduct friction of wagons ... 65 ^ 

Leaves 542§ „ or nearly ^ 

There is io this result a material difierence with' that of Mr. 
Walker, who states the friction at ^V^ ^^^ ^^ ^^^ experiments 
were made with the greatest care, we cannot but think the 
result very nearly correct 

But to show how much the weather^ and consequent state 
of the roads, affect such experiments, we quote the following 
from Mr. Wood. Speaking of a Fixed Engine plane having 
an inclination of 1 in 75 nearly, he says — 

"When regularly at work, this Engine drags 12 loaded 
carriages up this plane, and the rope is taken out again by 
the empty carriages descending the plane. In bad weather 
that number is not sufficient to accomplish it, and a horse is 
obliged to be constantly kept at the Engine, to assist the car- 
riages in overcoming the resistance of the rope."* 

If, therefore, these twelve wagons, each weighing 3080 lbs. 
cease to move near the bottom of the plane, where the fric- 
tion of the rope is at its maximum, we shall have for the gra- 
vity of the wagons 

3080X12-s-75«492lbs. 

And fop the gravity of the K)pe 3527-^75 = 47 „ 

539 „ 
From which deduct friction of wagons 180 



n 



Leaves for the friction 359 lbs. 



Treatise on Rail Roads» page 213. 
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which is rather more than ^th of the weight. It would evi- 
deotly be very injudicious to calculate the power of Fixed En- 
dues on the assumption that the friction of tiie rope is only ^V^ 
of. its weight, when the changes in the weather very often 
increase it to more than dou^ble that amount 

It is well known that the Engines erected on the Brunton 
Railway were found to be inadequate to perform the work, 
which we believe to have- arisen entirely from an imperfect 
knowledge of the power requisite to move the rope. 

The load which Mr. Walker has assigned to be conveyed 
by each Engine is 52 tons, to be dragged by a rope 3i inches 
in circumference; and, before estimating the cost, it will be 
necessaiy to examine whether such a size is adequate to such 
a load. 

In this, as in^most other cases, we can only refer to those 
Railways] where similarity of circumstances will warrant a 
comparison. The resistance of 52 tons will be 5B^i lbs. 

On the Hetton Railway a five-inch rope is used to drag 24 
empty wagons, each weighing 28 cwt. up an ascent of 1 in 
S50. On this plane a three and a half-inch rope was origi- 
nally used, but it was so frequently broken that it was re- 
moved in four months. 

Then 3136 X 24 -5- 250 = 301 lbs. gravity. 
And 3136 X 24 -*- 200 = 376 „ friction. 



Resistance requiring a five-inch rope . . . 677 „ 

On another plane, which is quite level, a rope four and a 
half inches in circumference is used to drag the same number 
of wagons; consequently, 3136 X 24 -f- 200 = 376 lbs. the 
resistance requisite for a four and a half-inch rope ; and, by 
reducii^ these to the resistance of 52 tons on a level, we shall 
have by the former for the requisite size of the Rope, 

4.6 inches 
Bythe latter 5.6 „ 
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In the foregoing we have not taken the weight of the 
rope into calculation, as the length of the planes are nearly 
alike. 

We are aware that on the Bninton Railway ropes lighter 
than those at Hetton are used; hut, since there are no level 
planes worked by this method at Brunton, we think the de- 
ductions from Hetton better data. 

But although the ropes used at Brunton are lighter than 
those which we should propose on the Liverpool line, it 
should not be inferred that the strain on the former is equal 
to that on the latter. 

For example : — On two planes, where three and a quarter 
inch ropes are used to draw back the empty wagons, &e full 
ones running down by their own gravity, the rise being 1 in 
120 and 1 in 123 respectively; if we take it at 1 in 122, we 
shall have for the resistance of 12 tons of wagons equal to 
354 lbs. which is not quite two-thirds of the resistance of 52 
tons on a level. 

The breakage of ropes at Brunton has been very frequent, 
which, on a Railway where comparatively little traflSc is car- 
ried on, may not cause much delay. We recollect noticing 
twenty-seven splices^ or places where it had been broken in 
one rope, and there were several others which showed evi- 
dent marks of being overstrained. 

On the Hetton Railway a very considerable trade is car- 
ried on, and a stoppage would consequently be a serious loss : 
it is very probable that the substitution of a five-inch for a 
three and a half-inch rope was occasioned by the delays arising 
from the breakage of the latter. 

It is clear, therefore, that for such a line of Railway as the 
Liverpool and Manchester a rope of three and a half inches 
in circumference is too small ; and, in order to prevent as 
much as possible those delays arising from breakage, a four 
and a half-inch rope is the very least in size that should be 
used ; and on the inclined planes a rope not less than five and 
a half inches. 
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In comparing fhe two systems of conveyance, tbe con* 
sumption of ropes is a very material point ; and in considering 
it, Mr. Walker observes that experience ought to be oar 
guide. 

There can l^ no doubt that experience is the safest crite- 
rion in cases of this description, but great care is requisite in 
transferring the results from any particular Railway to ano- 
ther not similarly situated. 

The Brunton and Shields Railway, on which the cost of 
ropes is said not to exceed -^j^ih of a penny per ton of goods 
per mile, is extremely favourable ; but the chief portion of 
this line descends gradually with the load, and in favourable 
weather the reciprocating system is adopted on one plane 
only. The data, therefore, afforded by this Railway cannot 
apply to the Liverpool and Manchester, where the whole b 
supposed level, or nearly so. 

The next instance which Mr. Walker adduces as a guide, 
is a Stationary Engine on the Darlington Railway, at Brussel* 
ton, which works two planes, one ascending 1 in 33, and the 
other descending with the load 1 in 30. The cost of ropes 
is here stated to amount to ^d. per ton of goods per mile. 

To determine from this data the cost of ropes on a level 
Railway, a mode of calculation is adopted at variance with 
every-day's experience. 

The average load upon the Brusselton planes is reduced 
to a level, and the cost reduced in the same ratio, without 
considering that the wear of ropes upon Railways is very ma- 
terially influenced by starting or putting into moti6n the train 
of wagons at the bottom of the planes. Now the resistance 
to be overcome by the rope, when carriages are in uniform 
motion, is much less than at the starting of the train, arising 
not merely from the friction of the axleiS being augmented by 
the adhesion between the axle and bush, when the wagons 
are in a state of rest, but also from the vis-inertiaB of the mass 
to be moved. Every one experienced with the operations of 
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Stationaiy Engines on Railways can bear testimony that (be 
breakage of ropes is mainly occasioned by the starting of the 
trains. 

On the Bnisselton, as well as on inclined planes generally, 
the bottom is made level, and sometimes descending in the 
direction of the load, in order that gravity may aid the rope 
in giving motion to the train ; but, notwithstanding these judi- 
cious precautions, the rope receives the greatest injury at 
starting, which of course exists to as great an extent on level 
Railways as on inclined planes, which are made flat at the 
bottom. 

The deductions drawn from the latter, omitting this consi- 
deration, are therefore totally inapplicable and useless as a 
guide in determining the strength of ropes requisite on level 
planes. This view will show that the cost of ropes on inclined 
planes is a much nearer approximation to that on a level Rail- 
way, when large trains are employed, than is generally ap- 
prehended, and that the wear is far from beii^ directly as the 
load. 

The last instance to which Mr. Walker refers in his Report 
as affording data on this important point, is on a part of the 
Hetton Railway, which is nearly level, where 301,800 tons 
are conveyed over 2i miles for an expense of £780 in ropes, 
which gives, according to the most favourable mode of calcu- 
lating, Tinr of a penny per ton per mile. 

This part of the Hetton road is worked by the recipro- 
cating system to a greater extent than on the Brunton and 
Shields, and theplanes not varying widely from a level, is bet- 
ter data than either of the others ; yet it does not seem to have 
influenced Mr. Walker's conclusions on this point, having fixed 
on ^ of a penny per ton per mile, whereas the daily experi- 
ence at Hetton indicates ^nnrths. 

Since, however, the curves which exist on that line may in- 
crease the wear of ropes in some degree, we shall take the cost, 
when applied to the Liverpool and Manchester, at fVV^ ^^ ^ 
penny per ton per mile. 
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It appears that the accounts which gave one-twentieth of 
a penny per ton per mile on the Brunton and Shields road, 
were founded upon the assumption, ^Hhat (excepting three 
ropes which had been actually worn out) those in use would 
do about half as much more as they had already done/^— - 
a method of calculating quite inadmissible. 

There exists another powerful reason why the cost of 
ropes on the Brunton Railway should not be followed as a 
guide in making estimates in reference to the Liverpool and 
Manchester; viz. the different planes do not only ascend 
and descend in the same direction with the load, but also 
with different degrees of inclination. This being the case, 
when a rope becomes insufficient for the ascending planes 
with the load, it is not rendered useless, but may be applied 
to some of the planes in succession, as the inclination de- 
creases, or where the empty wagons alone ascend: thus a 
rope may be employed much beyond the period that ft 
would be serviceable on ai line of road on which it was pro- 
posed to convey a gross weight of fifty-two tons in each 
train, and over a series of planes, scarcely differing from a 
level or from each other. A rope, when, unserviceable for 
one plane, would be equally so for the whole distance. 

Before entering into an examination of the requisite 
powers of the Engines, it will be necessary to divide the 
line into stages, which, for the sake of perspicuity, we adopt 
those proposed by Mr. Walker. 

" The space between the Liverpool tunnel and the foot 
of Rainhill plane, about six miles in length, is divided into 
four spaces, each IJ mile long; — ^the ascending and de- 
scending planes each to form one stage; — the two miles 
level upon Rainhill two stages; — and the nineteen miles, 
from the foot of the plane to Manchester, to be divided into 
twelve stages of 1) mile each, and one stage of one niile 
nearest to Manchester. '* 

12 . 
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Tbe speedy when in motion, is proposed to be twelve 
miles an hour, which, including stoppages, will be reduced 
to nine miles an hour between the two extreme points. 

The power of the Engines on the 1} mile stages will be 

thus: — 

Friction of 52 tons at ij^th = 582 lbs. 

Friction of li mile of 4} inch rope, weighing 

6888 lbs. at t^th = 574 „ 



1156 



>> 



Power of a horse at 12 miles an hour = 150 X 2J -M2 
«=s 31 lbs.: then 1156 -r- 31 = 37 horse power; or, allowing 
for spare power, say 40 horses for one line, or 80 horses 
for two lines. 

Power of Engines for the one mile stages: — 
Friction of 52 tons, as above ....... 582 lbs. 

Friction of the one mile of rope, being two-thirds 

of the above 382 „ 



964 



But, since these Engines need not be made to propel the 
goods at more than 8 miles an hour, because the space of 1 
mile can only be travelled over in tbe same time that the 
others are moving li mile, (on account of the necessary 
dependence of these Engines upon the others,) therefore, 
the power of a horse at 8 miles an hour will be 150 X 2i 
-T- 8 == 47 lbs. which, divided into 964, gives the power of 
these Engines = 20} horses, or for spare power 24 horses, 
or double that for the two lines. 

The power of the Engines to work the two inclined 
planes will be — 
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52 tons -^ 96 gives for gravity 1213 lbs. 

52 tons -f- 200 gives for friction 682,, 

Friction. of rope, (5i inches circumference,) . 

10,700 lbs. -M2 « 891 „ 
Gravity of rope lQ|700lbs.-4-96«lll „ 



2797 



99 



2797 lbs. -7- (31 power of a horse at 12 miles) = 90 horses. 

This would be the power of tlie Engines in case no de-* 
scending train was passing down the plane at the same time, 
but which, according to the regularity of the system, be- 
comes a necessary consequence. We shall, therefore, as- 
sume the power requisite to work these planes, and the 
one-mile stages, to be 80 horses. 

The power of the Engine at the foot of the inclined 
planes- will, by allowing 10 horses to assist in overcoming 
the friction of the rope, be 50 horses, and the extra power 
at the tunnel 40 horses. 

The total quantity of power will, therefore, be— 
17 Engines of 80 horses' power .... 1360 horses. 
1 ditto at the tunnel, 40 . . • 

1 ditto on the level at Rainhill, 48 

2 ditto at the bottom of planes, 50 
1 ditto at Manchester, 24 . . . 



Total 



40 „ 

48 „ 

100 

24 



79 



1572 
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ESTIMATE OP CAPITAL REQUIRED FOB ENGINES AND 

MACHINERY. 

One Engine of 80 horses' power ... - £2S00 

Four Rope Rolls and Machinery .... 550 

Engine-hoase and Chimney 650 

Dwelling-house, Reservoirs, &c. - - - - 200 

£4Q0O 
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Serenteen stations at £4200 - 
Extra power at the Tunnel, 40 horses 
One Engine of 48 horses' power - 

Rope Rolls 

Engine-house and Chimney - 
Dwelting^l^ouse and Reservoir 



£1600 
500 
600 
180 



Two Engines at Dottom of planes, 50 horses, same as last - 



One Engine at Manchester, 24 horses 
Rope Rolls - - - - - 
Engine-house, &c. - - - - 
Dwelling-house, Reservoir, &c. 



£960 
250 
500 
180 



Sheaves for Ropes, 13,090, at 12s 

Four sets of Crossings and Turn-outs at each station, 88, at 
£50 - . - 



£71,400 
1,800 



2,880 
5,760 



1,890 
7,854 

4,400 



£95,984 



ANNUAL EXPENSE OF STATIONARY ENGINES. 

Interest and depreciation on £95^984 at the rate of 6 jf per 

cent - - £6238 19 

Coals for Engines, being altogether 1572 horse power, 
working 10 hours per day for 312 days, at 17 lbs. per 
horse power per hour ss 37,222 tons, at 4s. 6d. - - 8374 19 
Repairs of Engines and Machinery, including Fire Bars, 
Boilers, Hemp, Oil, &c., at £1 per horse power per an- 
num 1572 

43 Engine-men, at £54 12s. £2347 16 

21 Asfflstants, at £40 - 840 

42 Brakemen, at £40 per annum 1680 

84 Men to ride the trains, being one man to each rope, at 

£40 per annum 3360 

Wear and tear of Rope Sheaves, at £8 per nule of double 

way 24000 

Oil for Sheaves, 2100 gallons, at 2s. 6d. - - - - 262 10 

8 Men to oil sheaves, at £30 per annum - - - - 240 

Annual cost of keepbg the Machinery in working order £25,156 4 ^ 
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ROPES. 

108 miles of 4 J inch Hope on the level stages = 221 J tons 
(after deducting value of old material,) at £42 per ton £9296 

6 miles of 5^ inch Head Rope for inclined planes 19 1-lOth 

tons, at £42 802 4 

6 miles of 3i inch Tail Rope for inclined planes, 7 to]i3 

17 cwt. at £42 329 14 

Grooves for Ropes crossing roads, 30, at £10 - - - 300 



£10,727 18 



WEAR OF ROPES. 



Interest on the above cost, at 5 per cent, per annum - £536 7 10 
Although the wear and tear on ascending the inclined 
planes will be increased, there will be a saving in de- 
scending, and we therefore take 30 miles at 1-lOth of a 
penny per ton per mile, on 4000 tons conveyed daily, 
equal to 37,440,000 tons over 1 mile per annum - - 15,600 

Annual cost of Ropes, &c. - . - £16,136 7 10 



DUPLICATE ROPES, &c. 

108 xmles of spare 4} inch Rope, 221} tons, at £51 - - £11,288 
6 miles of 5^ inch Head Rope for inclined planes, 19 1-lOth 

tons, at £51 974 2 

6 miles of 3^ inch Tail Rope for inclined planes, 7 tons 17 

cwt at £51 40070 

Bupligates for Engines, at the rate of £1 per horse power 1,572 

Sig^ Stations, 22« at £25 550 

£14,784 9 

Interest on this amotmt at 5 per cent, per annum, being the 
annual cost of Duplicates, &c. £739 4 5 



SUMMARY OF ANNUAL EXPENSE OF ENGINES, ROPES, 

DUPLICATES, &c. 

£n^es, being equal to 1572 horses - - - -£25,156 4 2 

Ropes . . - - - 16,136 7 10 

Duplicates, &c. 739 4 5 

£42,031 16 5 
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Which, divided into 37,440,000, the number of tons con- 
veyed over one mile annually, will leave .02694 of a pen- 
ny per ton per mile, and the capital invested in this esta*- 
blishment will be — 

Engines and Machinery £95,984 

Hopes, &c. in use 10,727 18 

Duplicate Ropes and Machinery « . . . . 14,784 9 

£121,496 7 



To compare the two estimates in one view: — 

The capital required to convey 2000 tons each way per 

day by Locomotive En^nes will be - - - - £58,000 
And by Stationary Engines 121,496 7 

Difference in &vour of Locomotives .... £63,496 7 



The annual cost of convepng the same quantity by Loco- 
motive Engines - -, £25,517 8 2 

And by Stationary Eng^es - - - - - . 42,031 16 5 

Annual saving in favour of liOcomotives ... .£16,514 8 3 



The rate per ton per mile by the Locomotive system 

is . 0.164 of a penny, 

and by the Stationary plan . . . .0.269 „ 

making an excess of expense per ton per mile of 0.105 of 
a penny by the Stationary system; or the proportionate ad- 
vantage is as 8 to 5 in favour of Locomotive Engines. 

We have not thought it necessary to include any contin- 
gent expenses which may be common to both systems, and 
we have made our calculations on the supposition that the 
trade be quite regular and uniform from one end of the line 
to the other. . ' ♦ 

These conclusions, considered in connexion with the Li- 
verpool and Manchester Railway, we believe are fully borne 
out by experience, especially when the disadvantages to which 
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the Locomotive system has been exposed in its application to 
practice are attentively and impartially weighed. Until with- 
in a short period, Railways have been principally employed 
for the conveyance of coal or other mineral, from mines to 
an eligible shipping place, and, since mines either become 
wholly or partially exhausted in a few years, it is essential, in 
constructing Railways for such purposes, to study economy 
in the first outlay. This necessity, combined witii a want of 
information on the great importance of reducing, the irregular* 
ities of the natural surface of the ground to obtain a uniform 
section, has tended much to retard the progress of Locomo- 
tive Engines. 

When they were first introduced in the north of England, 
they were either very imperfectiy constructed or were applied 
to situations not adapted for their profitable employment 
The Colliery Railways in the north have rarely been construct- 
ed with a due regard to the best sectional line, so that the 
greatest effect might be produced with the least expenditure 
of power; they more generally present ascents and descents, 
to an extent that render both horses and Locomotive Engines 
almost useless. Hence we perceive why the introduction of 
Locomotive Engines has been so tardy and so frequently at^ 
tended with unfavourable results. Such failures are iman 
gined by many to arise from imperfections concomitant with 
the system itself, wkereas they have really arisen from a 
misconception of their capabilities when properly brought 
into operation, and particularly from a want of discrimination 
in determining the limits, beyond which they become expeHn 
sive and troublesome. 

In drawing a comparison between Locomotive and Sta- 
tionary Engines, as applicable to the Liverpool and Manches- 
ter Railway, the relative expense is certainly of vast impor* 
tance ; but though this is a primary object, that of despatch 
atid public accommodation are of the utmost consequence, 
and may be said to rank higher in the scale of importance 
than expense, when the difference between the two systems 
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in the latter item is not very great. When the traffic upon a 
Railway is eitfier small or variable, the Locomotive Engines 
are not only cheaper but much more convenient, because the 
number of Engines in operation at one time may be regulated 
as the trade fluctuates; but when the Stationary system is adopt- 
ed, the whole of the machinery must be employed to convey 
the goods, however trifling. Where the trade is great and near- 
ly uniform, as is the case between Liverpool and Manchester, 
the expense of the Stationary system approximates probably 
more nearly to that of the Locomotive than in any other 
locality in England. It is in this instance, therefore, that 
despatch and pubUc accommodation claim particular atten- 
tion. 

In this respect Mr. Walker is of opinion that either sys- 
tem is fully adequate; but he does not appear to have duly 
considered the practical difficulties which are unavoidable 
where a chain of Stationary Engines is employed. Locomo- 
tive Engines may be compared to horses, a? far as conve- 
nience is concerned^ with this advantage, that they are 
much more manageable, because each Engine is an indepen- 
dent power; but the case is widely different in the other 
system, where the whole is dependent on each individual 
part, and also upon a series of regulations, liable to be de- 
ranged by the inattention of workmen. With the Locomo- 
tive Engines the carelessness of one person extends, in most 
cases, only to one train of carriages; whereas an accident 
produced by the same cause with Stationary Engines occa- 
sions a delay from one end of the road to the other, and the 
risk of accident is evidently proportionate to the length of 
the line of road. We may go so far as to conceive a line of 
Railway, with Stationary Engines, so long, that accidents 
would be almost perpetually occurring, which leads to the 
inference, that the conveyance of a large quantity of goods 
by such a series of Engines and ropes, would in the end, be- 
come actually impracticable. 

This latter supposition is not advanced as applicable to 
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the Liy^ool and Manchester Railway, but meidy to show, 
in a conclusive manner, that despatch and public acconuno- 
dation would be obtained b j such a system with much greater 
difficulty in that line of road than upon any other hitherto 
constructed. 

It must be admitted that accidents with Engines applies 
with equal force to both systems, but accidents with the ropes 
are the most general sources of delay, from which the Lo* 
comotive system is entirely free. When a line of rope al- 
ways occupies the centre of the Railway, it is almost abso- 
lutely necessary, to prevent accidents at the crossings of tam- 
pike roads, that the level of the Railway should either be 
considerably above or below the common road, to admit of 
bridges being constructed This creates an increase in the 
original outlay, which may in some instances be very serious, 
if not nearly impracticable. Mr. Walker, with a view to 
avoid the Railway carriages coming into contact with carts 
on the common roads, where they cross on the same level, 
proposes to attach what are technically called ^* friction 
clutches^' to the Engines, so that the trains may be stopped 
by powerful brakes when necessary, whilst the Endues and 
the other trains continue to move at the regular velocity. 
This expedient is certainly practicable, but it would injure 
the ropes very seriously when the requisite force is applied by 
the brakes to stop the train of carriages, because the friction 
of the clutch must greatly exceed the resistance of the train, 
since it must be more than sufficient to give motion to them 
from a state of rest at each station. The inconvenience from 
such an adaptation of friction clutches would not stop here, 
but would give rise to an irregularity at each Engine station 
from the trains, moving in opposite directions, not arriving at 
the same instant of time, which is certainly necessary to se- 
cure that despatch which Mr. Walker calculates upon in 
other parts of his Report. 

Another contrivance is su^ested, viz. : — ^" By connecting 
the head and tail ropes together under the train, by a contri- 

13 
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Vance instanfly to disengage the train from flie rope, and 
hj proper signals of approach, any chance of accident to per« 
sons or cattle crossing would be very much lessened/^ 

We either do not understand Mr. Walker's idea, irom 
the explanation he has given, or it is quite impossible to 
carry the suggestion into effect 

If the bead and tail ropes are connected under the train, 
tliey will continue to move after the train is disengaged, and 
will contibue to do so though the train may be brought to 
rest; therefore the junction of the head and tail ropes can* 
not be replaced under the train, but \vill iarrive at the slatioa 
before it. lliis being the case, instead of disconnecting the 
head and tail ropes from each other at the station, the Engine 
must continue to wind the tail rope on the drum until the 
taiin arrives, or the ropes must be disengaged, and the train 
fbrou^t forward ^by manual labour or horsQs, wherever it 
may be situated, to the Engine station. 

This never can have been contemplated by Mr. Walker; 
indeed without an endless rope, the traid cannot be disen- 
gaged during the passage from station to station. 

Hie conveyance of intelligence^ from one Engine to ano- 
ther, in the Stationary system, is liable to be interrupted by 
foggy weather when telegraphs are adopted. Bells are 
sometimes i^esorted to, but their operation is alfio uncertain, 
being influenced by the direction and strength of the wind. 
The necessary intelligence may also be conveyed from one 
station to the Dther by attaching the tail-rope to the train, 
and applying the Engine to drag it, together with the head- 
rope, in a contrary direction: this gives motion to the drum 
at the adjoining station, and signifies that the carriages are 
ready for proceeding. 

Though this is the most certain method when the state of 
flie atmosphere renders the common telegraph useless, it 
occupies too much time where despatch is of vital impor- 
tance. 

jProm the local situation of the Liverpool and Manchester 
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Railway, it is evident that, in a very few jeara, MiTeral 
branches from the various towns on each side will jojn the 
main line. Hence the traffic on the different parts of the 
line will annually undergo some modification. If, however, 
the Stationary system were established in the outset, it would 
be necessary to construct the Engines of sufficient power to 
meet any probable increase of this kind. If the Engines were 
not possessed of such extra power, and only made adequate 
to the trade already contemplated to exist between the ends 
of the line, it is evident that much personal inconvenience, 
as well as a positive detriment to the trade, would be ex* 
perienced* 

We allude to this to show that much difficulty would 
^rise in adjusting the powers of the Engines requisite for 
the difierent parts of the line of road between Liverpool 
and Manchester, excepting, indeed, they were all made very 
powerful to meet any future increase of trade. If such a 
provision were not made, we may suppose that goods from 
one end of the line is equal to the full performance of the 
Engines; in this case, the goods from any intervening town 
or branch-line must be detained until the more distant trade 
subsides. It is unnecessary to make any comment on the con* * 
sequences of such a detention. 

Wherever the Stationary system is adopted, it is evident 
that every branch-road must form a junction at an Engine 
station, which will very frequently cause a material increase 
of expenditure in the formation of such branch Railways, and 
therefore, produce a correyponding increase in the cost of ' 
conveying goods from town to town. The whole of these diffi- 
culties, which are inseparable from the Stationary system, on 
a public line of road, where the trade must necessarily fluc- 
tuate, are easily and eflectually obviated with Locomotive 
Engines; for should tile trade in any part undergo a tempo- 
rary increase or decrease, the requisite power may be im- 
mediately applied or withdrawn. 

Many other practical considerations might be adduced to 
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exemplify the great superiority of the LocomotiTe oyer the 
Stationaiy system on a public Railway, but they are of a 
desciiptioQ not easily understood or duly appreciated, except 
by .those who have had experience and frequent opportunity 
of witnessing the daily operation of machinery on Railways. 
Obstacles often arise from casualties, which, by bare mention 
in this place, would appear frivolous, whereas to the practical 
man they^re of importance, and tend to demonstrate that it 
is of great consequence to adopt a system, the efficient ope- 
ration of winch,, as a whole^ is not dependent on each indivi- 
dual part. 
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The Intense interest excited by the offer of this premium 
was almost unparalleled; the friends of Locomotive Engines 
hailed it as an era which was to create one of the great- 
est changes in the internal communications of the king- 
dom that had ever yet taken place. The. canal proprie- 
tors dreaded lest the issue of these trials should prove that 
a more economical mode of conveyance might be es- 
tablished; and the projectors of the Railway viewed the 
experiment as one calculated to make that grand work pro- 
fitable to themselves and beneficial to the country, or show 
to them that an immense expenditure had been incurred 
which might otherwise have been avoided. 

The public were not idle spectators: they considered the 
successful termination would not only confer individual 
benefits and local advantages, but a great national good, by 
introducing a system of conveyance throughout the country 
which is at once easy, safe, expeditious and economical, af- 
fording to the poor a luxury hitherto denied to them, and 
to the more opulent a despatch which hitherto no sum could 
purchase. There are few classes that such a change would 
not, in some degree, affect. A reduction in the price of 
coal may be said to affect all: the same may be said of a re- 
duction in the rate of carriage, and particularly as it re- 
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gards the manufacturer^ who^ as ia generally the case in this 
country, is so internally situated, as to be compelled either 
to relinquish a portion of his profits, or lay an additional 
price on the manufactured article, on account of the ex- 
penses arising from conveyances. The facility afforded for 
conveying all kinds of agricultural produce, for bringing 
into cultivation those lands which, on account of their i^e- 
aiote situations and want of proper communication^ have 
been so long neglected.* 

The enormous expense of maintaining such an establish- 
ment of coach-horses, as the increase of travelling within 
the last few years has so fearfully augmented, is a subject 
too serious to be overlooked, — to say nothing of the cruel- 
ties so often practised on these poor animals, and which 
tends so much to lessen those enjoyments which travelling 
would otherwise give. We need only consider the tait 
which such an establishment involves on the country, and 
then say, whether the introduction of Steam power is not 
^' a consummation devoutly to be wished. '' 

In a political as well as in a military point of Wiew, we 
would also remark, that the facility of moving With great 
rapidity from one station to another, shows, how a whole 
nation may be concentrated. Distance may very properly 
be estimated by the time required to traverse it: thus Li- 
verpool may be said to be 4i hours from Manchester, and 
22 hours from London; but since 30 miles an hour has been 
found to be attainable, Manchester would only be 1| hour 
and London 7 hours from Liverpool. From this view of 
the subject, every town in the kingdom would be brought 
nearer to each other, and the whole civil or military force 
of England might be concentrated in any given point within 
the period of a few hours. The last, though not by any 
means the least important consideration, is the saving in 

f The method now adopted for ciiltiTating Chat Most, by means oi 
Railways, exemplifies tRis position most strikingly^ 
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time. It inaj be inferred that time spent by men of bmi- 
neas in trayelling from one plaee to another (except express 
I7 for pleasure,} is lost, because it is turned tano profitable 
aceount; thus a person who makes two journeys from Li- 
verpool to M anchester, and back in a week, spends on the 
road 18 hours, which might be accomplished in five hours^ 
efiecting a saying of 13 hours per week, which is no 
less than five years of his life. When these advantages 
are properly estimated, it will not appear surprising that 
Aese trials should have produced so general an interest. 

The day fixed for the competition was the first of Octo- 
ber, but, to allow the Engines sufficient time to get into 
good working order, the directors extended it to the 6th. 
The following conditions were issued from the Board pre* 
viously to the day of running: — 

Bailway QffUe^ Liverpool^ 25th AprU^ 18£9* 

'< STIPULATIONS AND OONDXTtONS 

<* On which the Directors of the Lfl)§rpool and Afaneheeter Eml- 
way offer a Premium of £500 for the most improved Loeo^ 
motive Engine. 

<* 1. The said Engine must effectually consume its own smoke, 
i^ccordingto the provisions of the Railway Act, Tth Geo. 4. 

<* 2. The Engine, if it weighs six tons, must be capable of 
drawing after it, day by day, on a well-constructed Railway, <mi 
a level plane, a train of Carriages of the gross weight of twenty 
tQns, including the Tender and Water Tank, at the rate of ten 
miles. per hour, with a pressure of steam in the boiler not ex- 
ceeding 50 lbs. on the square inch. 

<<3d. There must be two safety valves, one of which must be 
completely out of the reach or control of the Engine-man, and 
neither of which must be fastened down while, the Engine is 
working. 

<Mth.. The Engine and Boiler must be supported on springs 
and rest on six wheels; and the height, from the ground to the 
top of the chimney, <nu8t net exceed fifteen feet. 

**5th. The weight of the Machine, with its complement of 
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water in tiie boiler^ must, at most, not exceed six tons; and a 
Machine of less weight will be preferred if it draw after it a 
proportionate weight; and if the weight of the Engine, &c. do 
not exceed five tons, then the gross weight to be drawn need 
not exceed fifteen tons, and in that proportion for Machines of 
still smaller weight, provided that the Engine, &c. shall still be 
on six wheels, unless the weight (as above) be reduced to four 
tons and a half or under, in which case the Boiler, &c. majr be 
placed on four wheels. And the Company shall be at liberty to 
put the Boiler, Fire Tube, Cylinders, &c. to the test of a pres- 
sure of water, not exceeding 150 lbs. per square inch, without 
being answerable for any damage the Machine may receive in 
consequence. ^ 

*< 6th. There must be a mercurial gauge affixed to the ma- 
chine, with index rod, showing the steam pressure above 45 
pounds per square inch, and constructed to blow out at a pres- 
sure of 60 pounds per inch. 

^* 7th. The Engine to be delivered complete for trial at the 
Liverpool end of the Railway, not later than the 1st of October 
next • 

'< 8th. The price of the Engine which may be accepted not 
to exceed £55% delivered on the Railway, and any Engine not 
approved to be taken back by the owner. " 

"N. B. The Railway Company will provide the Engine 
Tender with a supply of water and fuel for the experiment. 
The distance within the rails is four feet eight inches and a 
half.'* 

The gentlemen appointed to be judges on this occasion 
were Mr. Wood, of Newcastle-upon-Tyne; Mr. Rastrick, 
of Stourbridge; and Mr. Kennedy, of Manchester. 

The number of Engines entered for the prize was five, 

viz.: — 

Owners, Names of Engines. Wdgkt. 

Mr. R. Stephenson .... « The Rocket" 4 tons 5 cwt 

Messrs. Braithwaite and Ericsson " The Novelty" 3 „ 1 „ 

Mr. Hackworth " The Sans PareU" 4 „ 15i „ 

Mr. Brandreth's (Horse Machine) "TheCycloped" 3 „ „ 

Mr.BurstaU " The Perseverance" 2 „ 17 „ 



105 

On the morning of the 6th the ground at Rainhill ex^ 
hibited a very lively appearance; several thousand persons 
wese collected from all parts of the country, amongst whom 
were several of the first Engineers of the day. A commo- 
dious tent had been erected for the accommodation of the 
ladies, which was graced by the beauty and fashion of the 
surrounding neighbourhood; the sides of the race-ground 
were lined with carriages of all descriptions; — in short, the 
tout ensemble exhibited as much bustle and excitement a^ if 
the great St. Leger had been about to be contested. 

The Rocket of Mr. Stephenson was first called out. This 
Elngine was placed on four wheels. The boiler is cylin- 
drical, having 25 tubes passing directly through it, for the 
purpose of conveying the heated air from the fire which is 
contained in the ^^ fire-box'' attached to one end of the boil- 
er. The cylinders are fixed on the sides of the boiler, and 
work diagonally to the outside of the two fore-wheels of the 
Engine. These wheels are 4 feet 8 inches in diameter; those 
on which the "fire-box'' rests are only two feet six inches. 

This plan of passing tubes through the boiler was sug- 
gested by Mr. Henry Booth, the Treasurer to the Railway 
Company, whose object was to expose the greatest surface 
to the action of the heated air with the last area of tube: by 
this means the heat is rapidly transmitted into the water, 
and prevents that escape into the chimney to which large 
pipes are more or less subjected. 

The weight of the Rocket being 4i tons, the load, ac- 
cording to the conditions already cited, was 12| tons, 
making the total mass in motion 17 tons. The distance 
run at full speed was 12 miles, which was accomplished in 
53' 20", being at the rate of 13J miles an hour. 

This being only a preparatory trial, no account was kept 
of the consumption of fuel, or of the other circumstances 
requiring consideration. 

The Novelty of Messrs. Braithwaite and Ericsson was 
next exhibited. . This Engine is so far novel as to carry the 

14 
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roquitite quantity of ^ water and fuel on the same carriage 
with the Engine. It consists of an upright boiler or ateam 
reservoir^ at the bottom of which is the fire-place, surround- 
ed with water; the fuel is conveyed down a small tube 
which passes through this boileri and combustion is sup- 
ported by means of a blast worked by the Engine. From 
the bottom of this boiler another, of a cylindrical shape^ 
passes horizontally abore the main axles of the carriage^ 
and a pipe, twice returned, passes through it for conveying 
the heated air from the furnace. The cylinders are placed 
perpendicularly with cross heads, working to two bell- 
cranks, which are connected by rods to the main axle of 
the carriage. 

The appearance of the Novelty is very much in its fa- 
vour: the machinery is ingeniously contrived to work out 
of sight, and th^ whole forms as compact a machine as can 
well be imagined. 

The day being far advanced, and some dispute having 
arisen as to the method of assigning the proper load for the 
Novelty f no particular experiment was made, farther than 
that the Engine traversed the course by way of exhibitioat 
occasionally moving at the rate of 24 miles an hour. 

The Sana Pareil of Mr. Hackworth was also exhibited. 
This Engine differs very little in its construction from 
those used on the Darlington Railway. The fire is con- 
tained in a tube which is continued along the inside of the 
boiler, and is returned back to the same end at which it en- 
teredr The cylinders, as in the Novelty, are placed perpen- 
dicularly, and the pistons work from beneath to the con- 
necting rods which are attached to the outside of the two 
fore-wheels of the carriage. No particular experiment was 
made with the Sans Pareil on this day. 

October 7th. — In consequence of the dispute above al* 
luded to, the judges thought proper to draw up a new list 
of conditions, whieh was printed and circulated on the 
ground. The following is a copy: — 
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** The weight of the Locomotire Engtiie, with its full com- 
plement of water in the boiler, shall be ascertained at the 
Weighing Machine, by eight o'clock in the morning, and the 
load assigned to it shall be three times the weight thereof. 
The water in the boiler shall be cold, and there shall be no fttel 
in the fire*place. As much fuel shall be weighed, and as mttch 
water shall be measured and deliyered into the Tender Car* 
riage, as the owner of the Engine may consider sttfieient for the 
supply of the Engine for a journey of thirty^fire miles* The 
fire in the boiler shall then be lighted, and the quantity of fuel 
consumed^ for getting up the steam shall be determinedi and 
the time noted. 

** The Tender Carriage, with the fuel and water, shall be 
considered to be and taken as part of the load assigned to 
the Engine. 

<( Those Engines which carry their own fuel and water, shall 
be allowed a proportionate deduction for their load, according 
to the weight of the Engine. 

^* The Engine, with the carriages attached to it, shall be ran 
by hand up to the Starting Poet, and as soon as the steam is 
got up to fifty pounds per square inch, the Bi^ne shall set out 
upon its journey. 

<< The distance the Engine shall perform each trip shall be 
one mile and three quarters each way, including one-eighth of 
a mile at each end for getting up the speed and for stopping 
the train; by this means the Engine, with its load, will traYel 
one and a-half mile each way at full speed. 

**The Engines shall make ten trips, which will be equal to 
a journey of 55 miles, thirty miles whereof shall be performed 
at full speed, and the average rate of travelling shall not be less 
than ten miles per hour. 

** As soon as the Engine has performed this task (which will 
be equal to the travelling from Liverpool to Manchester,) there 
shall be a fresh supply of fuel and water delivered to her; and, 
as soon as she can be got ready to set out again, she shall go 
up to the Starting Post, and make ten trips more, which will be 
equal to the journey from Manchester back s^ain to Liverpool. 

<*The time of performing everf trip shidl be accurately 
noted, as well as the time occupied in getting ready to set out 
on the second journey. 
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Before the Judges arrived on the ground the Novelty had 
been got ready for the purpose of trying the load which 
the Judges had assigned to it yesterday, and, before the se- 
cond trip was accomplished, the bellows for creating the 
blast gave way, and rendered the Engine incapable of go- 
ing through its performance on this day. 

A defect having been discovered in the boiler of the Sans 
Pareilf the judges allowed Mr. Hackworth some farther 
time to get it repaired. 

To lessen the disappointment which these accidents oc- 
casioned to the numerous assemblage of anxious spectators, 
the Rocket was brought out, and a coach, capable of con- 
taining thirty persons, attached to it, which was moved at 
the rate of 24 to 30 miles an hour, to the great gratification 
of the several parties who had thronged during the day to 
enjoy so extraordinary a ride. 

This evening the Judges ordered the Socket to be in 
readiness at eight o'clock on the following morning, to go 
through its definitive trial according to the new conditions. 

October Sth. — ^The Socket y after having got a sufficient 
supply of water in the boiler, was weighed on the Machine, 
and found to be 4 tons 5 cwt. The load, therefore, was — 

Ihns. Cwt Qrs. Lbs, 
Engine -------4500 

Tender, 8cc 3402 

Two Carriaged loaded with Stones - - 9. 10 3 26 

Whole mass in motion - - 17 

The time occupied in getting up the steam to 50 lbs. on 
the square inch was 57 minutes, and the fuel weighed out 
for the purpose was 142 lbs. of coke; but, since the ^^ fire- 
box^' was full of ignited coke when the steam was up, we 
cannot say how much was actually consumed in the pro- 
cess; neither do we consider this of much importance, be- 
cause the quantity of steam generated will always be in 
proportion to the quantity of fuel consumed, and in insti- 
tuting an inquiry into the comparative merits of Engines, 
a superiority in principle will show itself more readily 
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when fallf at work thui in the mere qieration of getting 
up the steam. 

The length of the course was 1} mile, exelusive of oae- 
e^^tii of a mile at each end for stopping and getting up 
the speed of the Engine^ train^ &c. as shown by the follow- 
ing diagram: — 



No. 1. 



No. 2. 



f i mile. f 1^ mile at full speed f j mile f 



The number of trips for the first experiment was ten, 
making the distance travelled at full speed 30 miles, and 
the total distance 35 miles. 

The following Table will show the time occupied in pass- 
ing along the stage in each direction, and also the time lost 
in stopping and getting up the speed of the train at each 

end: 
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Thii part of the '< otleaP^ Mug eompleted, the Bftgine 
run down to the watering station and took a freah supply 
of water; it then ran back to the starting post, and after 
haying taken in some more fuel, it prepared for the seeond 

joumef. 

The time occupied was 14' 34". 
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In the former of these experiments 30 miles were tra- 
velled in 2^ 14' 8", which is at the rate of IS^V miles per 
houri and the time occupied at both ends of the stage, in 
stopping and getting up the speed of the train^ was 57' 40'", 
during which time the Engine- trarelled 5 miles. 

In the latter experiment 30 miles were travelled in 2^ 
6' 49", which is at the rate of 14^ miles per bour^ and the 
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stoppagvi at the ends amcMinted to 50' HQ'*, dudng wkidi 
time the Engine travelled 6 miles. 

The quantity of fiiel eonsumed in 70 miles was 1085 lbs. 
of coke, wbichy hy taking the whole mass moved vis. 17 
tons conveyed over 70 miles^ or 1190 tons over one mile> 
gives 0. 91 lbs. per ton per mile; or if we deduct the Engine 
and tender^ and consider the available load only, it will be 
1.63 lbs. per ton per mile. 

The quantity of water used in 70 miles was 580 imperial 
gallons. 

In referring to the Tables, it will be found that the last 
trip of 3 miles, in each experiment, was made at the rate 
of 192 miles per hour; and the last eastward trip of li mile 
was performed in 3' 44'V which is upwards of 24 miles per 
hour. This fiict shows that the Engine was working quite 
within its power, having in both experiments a reserve of 
Bteam for the last journey. 

These experiments show that there is more friction in 
propelling the train than in drawing it, for it will be seen 
in die Table, that the time occupied in traversing the west* 
ward trip was almost invariably longer than in the contrary, 
direction; and the wagons were propelled before the En«> 
gine in going westward, and drawn behind it in going 
eastward. If, in the last experiment, we take the time 
for the eastward trips only, we shall have 57' 12" in run- 
ning 15 miles, which is at the rate of 15| miles per hour: 
and since in practice the train may always be drawn after 
the Engine, the average rate of speed may be taken at 151 
miles per. hour. 

Neither the Novelty nor the Sans Pareillmng ready to 
enter upon their trials, the Judges deferred the farther pro- 
secution of the experiments until the 12tb, so as to give the 
owners of these Engines an opportunity of getting every 
thing ready. Subsequently^ .however, to this arrangement. 
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MeiMW. Brtithwaite and Ericsiim requested ihtt tiieir 
Engine might be tried on Saturday the 10th, whi6h tiie 
Judges very readily granted, and an advertisement appear- 
ed, stating that this Engine was to be tried on that day, 
and that it would perform more work than any Engine on 
the ground. 
The 9th October then became a '^ dies Aon/' 

On the 10th October an unusual assemblage coHected on 
the course to witness the exhibition of the Novelty^ and 
this being Saturday, it was fully expected that the trials 
on this day would give some idea as to whom the premi- 
um would ultimately be awarded. 

The Novelty was weighed, and after deducting the weight 
of the water and tank, was found to be 3 tons 1 cwt As 
this Engine was constructed to carry its own water and 
fuel, the judges had some difficulty in assigning its proper 
load; however, after pnuch discussion, they resolved on the 
following method: — 

That since the Rocket weighed 85 cwt. and carried 
191 cwt. of useful weic^ht, then the Novelty^ weighing 61 
cwt. should by a rul of three question, take 137 cwt of 
useful weight, leaving each of the Engines to carry their 
fuel and water in their own particular way. 

The weight of the whole train then was as follows: — 

Tons. Cwt Qra, Lb»* 
Engine, \rater tank, water, and fuel - 3 17 14 
Two Carriages loaded with stones - 6 17 



Whole nuss in motion - - 10 14 14 

The time occupied in getting up the steam to 50 lbs. on 
the square inch was 54' 40", and the quantity of fuel weigh- 
ed out for the purpose was QQ lbs. of coke and fire wood; 
but for reasons before given, it was not ascertained how 
much remained in the furnace after the steam was up. 

At eleven o'clock the Novelty commenced and passed 
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the first post in good style, but in returning the pipe from 
the forcing pump burst, and put an end to the trial. The 
average rate of speed when in motion was upwards of 15 
miles an hour, but since the distance was so short, it was 
impossible to form a correct estimate either of the powers 
of the Engine or of the consumption of fuel. 

The pipe, however, was in the course of the day repaired, 
and the Engine made several trips with a coach (in which 
were many scientific gentlemen) at the rate of 24 to 28 miles 
per hour. 

It was then agreed that the Sans JPareil should perform 
its task on Tuesday the 13th, and that the Novelty should 
be allowed another trial on Wednesday the 14th, these per- 
formances to conclude the contest 

TUESDAY, OCTOBER, 13* 

The Sans Pareil having been at work during the night, 
the water in the boiler was still hot, and consequently no 
notice was taken either of the time or the quantity of fuel 
required to raise the steam to 50 lbs. on the square inch. 
This part of the inquiry being of so little consequence, the 
Judges did not think if necessary to attend to it, particu- 
larly since much would have been lost in ascertaining it 

The Engine, with its complement of water in the boiler, 
was then placed on the weighing machine, and found to be 
4 tons 15) cwt One of the conditions issued by the Di- 
rectors was, " that if any Engine be more than 4J tons 
weight, it must be placed on six wheels;" and, since the 
Sans Pariel was not on six wheels, the Judges considered 
that it was not entitled to compete for the premium. 

Mr. Hack worth contended that his Engine was not above 
weight, and that the weighing machine was not correct; 
however, it was at length thought advisable to let the En- 
gine run on the same footing with the others, and see whe- 
ther its merits entitled it to a more favourable considera- 
tion. 

15 
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Tlie weight of the wbole train was aa lbllowi:«^ 

Engine - •-.--- 4 15 2 

Tender, water, and fuel ----3630 
Three wagons leaded wkh stones • - 10 19 3 



•»■— "i»-»«^ 



Whol^ mass in motion 



19 



The manner of performing thia experiment waa preeitfe- 
\y aimiiar to that with the Mocket 



Time of stop- Time S^ng 
piDp and n^t^ 



Tine gmog 
west from Pottfeast fWmn Poit 
M«. 3 ta Post No. 1 to Po«l 
No. 1. No. & 



WK8T BHD. 



TiBM of 
pinp and |*et- 
tii^ «p Uie 
•peed. 



Started at 
10« 1(/ 2V 



Elided at 
120 5y O'' 



Mm* Sec, 

1 9 

• • •• • 

2 12 
■•« • • • 

2 11 

« • • • • • 

2 35 

• • • • %• 

2 35 

•^* ••• 

2 40 

• • » • • • 

2 54 

• ■ • • • • 

3 31 

•'« • • • • 



ly 47" 

20^ 08'' 



Total stoppages. 39^ 5Sf' 



Min, See, 

••• •« • 

7 37 

••• •• • 

7 8 

•*• ••• 

7 21 

^ 34 

••• ••• 

6 56 

• • ■ • • • 

7 12 
• • • f •• 

8 1 
•«• •«■•* 
••• ■• • 



3fzn. See. 

5 9 

••• ■•• 

6 3 
••• ••• 

6 8 

••• ••• 

5 34 
•*• ••• 

3 59 

• • • • * *. 

6 1 

%• • « « • 

6 22 

• • • • • • 

$ 31 

••• <•« 



50^ 49" 



' ■ I I L I f 



«•« ••• 

2 6 

•*■ t«* 

2 1 

••• ^•s 

2 11 

1 52 

•• • **.•• 

1 55 

••• •«• 

4 U 

••• ••• 

3 34 
^•« •■« 

3 18 



46^ 27" 
50^ 49" 



^-^ 



■<■ » ■*»' 



T««ewhep?l°3r 16", 
in motion ^ I 



■■-^w**" 



2(y 08" 



In returning westward in the eighth trip thei oold water 
pump got wrong, and from want of a supply of water in 
the boiler the leaden plug waa melted, and the water and 
steam rushed into the chimney, and pat an end to the ex- 
periment. 

From the time of starting to the time of arriving at the 
post No. 2 in the eighth trip a distance of 22i miles was ran 
in 1^ 37' 16", which is at the rate of 13} miles per hour, and 
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the time occupied in stoppages wu S9' 55'\ during whidi 
time the Engine and train travelled 31 miles. The wli^de 
distance then is 36| miles, but since the Engine had got a 
considerable way in returning the eighth trip, the whole dis* 
tance run to the time of stopping was 27i miles. The con- 
sumption of coke was 1269 lbs. in carrjring 19^ over flie 
space of 27ft miles, or 525i tons over 1 mile, and which gives 
%fjf lbs. per ton per mile for the whole mass moved, or by de- 
ducting die weight of the Engine and tender gives 4| lbs. of 
coke per ton per mile nearly. 

The quantiiy of water used in 371 miles was 374 imperial 
gallons^ 

Before the En^ne could be got ready again, it became too 
late to continue the experiments* 

(klt^ber IIM. — This being the day on which the pre- 
mium was to be won, there was an unusual assemblage of 
visiters* 

The Novelty was again brought out, and the usual preli« 
minaries being gone through, it made a trip by way of rehear- 
sal, to see if all its working parts were in good order. This 
being ascertained, the Engine was brought up to the starting- 
posty and the same load being attached to it as on the 10th, it 
started on its journey. 

The first trip of 3 miles was performed in 16' 43", which 
is at the rate of 101 miles an hour. In the second trip the 
pipe which conveys the heated air from the furnace through 
the horizontal boiler collapsed, and the steam, forcing its way 
into the fire place, was evolved fit>ra the bottom of the furnace 
into the atmoqihere. This failure was at the time attributed 
to the yielding of a '* green joint^'^ and was considered as such 
by the Judges ; but haying seen the pipe when it was taken 
out, we feel convinced that its failure alone was sufiicient to 
aocoont for &e accident, without the addition of any joint 
giving way. 

The Novelty was then withdrawn, and Mr. HaCkworth 
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requested that be might be aOo wed another trial. The Judges 
refused, on the ground that bis Engine was not only above 
weight, but that it was on such a construction as they could 
not recommend to the Directors of the Company. 

The Perseverance of Mr. Burstall, which had met with an 
accident on its way to the course, had been got ready and 
brought out this day, but not being able to move at more 
than 5 or 6 miles per hour, Mr. Burstall declared thai: he had 
no intention of competing for the premium. 

We believe also that Mr. Brandreth withdrew the Cy- 
eloped. * 

The course was thus left clear for the Rocket^ which, after 
having gone through the '^ ordeal,'^ and fulfilled every stipu- 
lated condition, was pronounced by all tp be fully entitled to 
the prize ; and to show that it had been working quite with- 
in i^ powers, Mr. Stephenson ordered it to be brought on 
the ground and detached from all incumbrance, and in making 
two trips it moved at the astonishing rate of 35 miles an 
hour. 

These experiments have accomplished one very material 
object, and that is, getting rid of the smoke. < Every Engine 
was constructed for using coke, and every one present must 
agree that in this respect they all fulfilled the conditions 
imposed, for there was not one particle of smoke to be per- 
ceived. 

In considering the high velocities which each' Engine at- 
tained with its load, we feel convinced that the loads assigned 
were too small. The conditions stipulated that each Engine 
should take three times its own weight at the rate of 10 miles 
an hour; but we find them moving from 14 to 19f miles, and 
in one instance at 24 miles an hour, with this load; and the 
subsequent trials with the Rocket^ given in our ^^ Observa 
tionSy &c.^ page 73, have shown that even with a load of 
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neaily ei(^ times the weight of the Eoguies, a tpeed of 13 
milofl an hour was maintained. We name this, because when 
the weiglit of an Engine becomes one-fourth of the whole 
train, instead of one-ninth, the consumption of fuel, when es- 
timated on the goods and wagons only, is veiy materially in- 
creased; fi>r instance, in the "ordeal" which the Socket 
passed through, 1190 tons gross wei^t were conveyed over 
1 mile with 1085 lbs. of coke, which is equal to 0.91 of a lb. 
per ton per mile, or by estimating the goods and wagons only 
is 1.63 lb. per ton per mile ; but if a gross load of 37i tons 
had been conveyed over the same distance, or 2607 tons over 
1 mile, then the consumption of coke would be thus : — ^If 
1190 tons require 1085 lbs., then 2607 will require 2377 lbs. 
which gives for the gross weight 0.91 of a lb. per ton per 
mile, as above, but considered on the available weight only is 
reduced from 1.63 lb. to 1.13 lb. per ton per mile, which is 
veiy nearly one-third less. 

In corroboration of the truth of this method of reasoning, 
we will give the results of an investigation made with such a 
load as we consider to be about the average for economical 
purposes. The Engines with which the two following expe- 
riments were made are precisely similar in the principle of 
their construction, and differing only from the Socket by 
having a greater number of tubes of a less diameter passing 
through the boiler. 

EXPERIMENT FIRST. 

A load of 34) tons was conveyed over a space of 43i miles, 
which is equal to 1500 tons conveyed over 1 mile, with a 
consumption of coke amounting to 1422 lbs., which is equal 
to 0.94 of a lb. per ton per mile, and if we a4d the weight of 
the Engme and Tender (7 tons) it will be equal to 1804 tons 
conveyed over 1 miley and the consumption of coke will be 
0.78 of a lb. per ton per mile. 
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The ATerage ifeed when in motion wai from 1 to 1 2 milet 
per hocHT* 

BXtPBRlMfiVT iBCONDi 

A load of 26 to&B was conveyed over a space of 36^ miles, 
and a load of 32^ tons orer a space of 6 miles, which is equal 
to 1308 tons conveyed over 1 mile, with a consumption of 
coke amounting to 1908 lbs., which is equal to 0.83 of a lb. 
per ton per mile, or by adding the weight of the Engine and 
Tender, as in the former experiment, will be 0.67 of a lb. per 
ton per mile. 

To these may be added an experiment which has been 
made with the Novelty^ which, since the competition, has un- 
deigone considerable alteration. An additional cylinder, ex- 
pressly for working the bellowsi has been applied, and a more 
efiectual communication made between the horizontal boiler 
and the steam reservoir. The pipe which conveys the .heated 
air from the furnace has also been lowered, in order to pre- 
vent a recurrence of the accident which proved fatal to it 
during the trials for the premium. All these are decided im- 
provements, and have enabled the Engine to work for a much 
longer time together than it was before capable of doing ; at 
the same time tfaey have added to its weight. 

The distances and loads taken were as follows : — 

Tom, Cwt. Qrs. Tons. Cwt. Qrs. 

3 miles with 7 9 2 equak 22 8 2 over one mile. 

3 ditto „ 17 6 3 ditto 52 1 ditto. 

281 ditto » 28 1 ditto 799 8 2 ditto. 

3J ditto „ 25 ditto 81 5 ditto. 



Total numhef of tons convei-ed over ^ «*• 
<memile 5^^* 2 1 

The tonionqition of fuel Was 588 lbs. of coke, which is 
e^ttal to 0*614 of a Ik per ton per mile— or, by adding the 
weight of the Engine as in the former cases (four tons,) will 
be 0,53 of a lb. per ton per mile. 
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In comparing these experiments with those made in Octo- 
ber, w^ find them mach more favourable, both in regard to 
the consumption of fuel and in the loads conveyed. Indeed, 
we consider that the performances during the competition 
have not produced any result that can fairly be called supe- 
rior to the daily performance of other Engines then in use. 

We admit that a greater speed was attained than had been 
contemplated, but the loads attached to each Engine were too 
small to show that th^ir application would be attended with 
so much economy as more recent experiments have demon- 
strated. The Directors, in apportioning the loads, were no ' 
doubt influenced by the Report of Messrs. Walker and Ras- 
trick, who fixed on 19) tons of goods and wagons as a proper 
load for an Engine weighing 8 tons ; and they also stated, that 
to increase the power of the Engine, that 4s, to enable it to 
take more than 19) tons at 10 miles an hour, a correspond- 
ing increase to its weight must necessarily take place. The 
-whole *of the experiments have given so decided a negative to 
this statement, as to require no farther comment 

Locomotive Engines, as well as Railways, may be said to 
be yet in their infancy, and but partially understood : when 
properly applied we believe they will be found highly advan- 
tageous ; but we fear lest the opinion which has got too widely 
circulated, that Locomotives will ascend steep inclinations, 
may retard their introduction even where they are best fitted. 
We should be sorry to see their powers abused, for we doubt 
not but, when the Liverpool and Manchester Railway shall 
have been opened so as fully to develope the uses to which 
they may with ^afety be applied, that their introduction will 
become generalthroughout the kingdom. 
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CHAPTER I. 

INTRODUCTION ^PARLIAMBNTART PROCEEDINGS. 

The adoption of Railways as a means of inland commu" 
nication, for the transit of merchandise and passengers, 
forms an era no less remarkable than the first introduction 
of Canals, aifd constitutes a change in the long-established 
modes of conveyance no less striking and important. The 
Railway^ however^ is by no means a recent invention: near- 
ly two centuries have elapsed since the fil'st partial intro- 
duction of Tram-roads, rudely constructed of wood, at a 
trifling outlay of capital, and still smaller expenditure of 
scientific arrangement. The substitution of iron for wood 
was a great improvement; but the form of the rail continued 
for a long time very objectionable, consisting of flat pieces 
of cast iron laid on the ground, with a side flange rising 
two or three inches to confine the wheel to its proper track. 
The rails thus resting on the ground, were unavoidably co- 
vered with soil or sand; and it was not till the adoption of 
the edge-rail, raised above the ground, that Railways at- 
tained those advantages over common roads which they are 
now acknowledged to possess. 

In the last quarter of a century Railways have multiplied 
rapidly, especially in the neighbourhood of Newcastle and 
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Sunderland; knd a large amount of capital and skill have 
been employed in their construction, and in the erection 
and adaptation of the different kinds of machinery with 
"which many of them are worked. Still these Railways are 
comparatively of small extent; detached, isolated and pri- 
vate undertakings, and appropriated exclusively to the con- 
Teyance of coals to the shipping wharves on the Tyne and 
Wear. 

The first public Railway^ established by Act of Parlia- 
ment for the conveyance of general merchandise and pas- 
sengers, as well as coals, was the Stockton and Darlington. 
This Railway is about twenty-five miles in length, extend* 
ing from the Witton Park Collieries, in the neighbourhood 
of West Houghton, in the county of Durham, to Stockton- 
upon-Tees, and passing within a few hundred yards of Dar- 
lington, which is situate about midway between the two 
extremities of the line. This Railway consists of a single 
road, with -hidings every quarter of a mile, to allow car- 
riages to pass one another. A small quantity of merchan- 
dise, and three or four hundred passengers weekly are con- 
veyed along this line between Darlington and Stockton: but 
here, as in the neighbourhood of Newcastle, Coal is the staple 
commodity, the tolls on this article alone being six or seven 
times the amount derived from the aggregate of all the other 
sources of revenue. The subscribers to this undertaking 
had originally to encounter a long and strenuous opposition 
on the part of land owners, whose property was affected, 
and of coal proprietors, whose pecuniary interests were in- 
terfered with. The first application to Parliament was un- 
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successful; but in 1823 the Act for the present line was 
obtained; and the 27th of September, 1825, has become 
memorable as the day on which the Stockton and Darling- 
ton Railway was opened to the public. 

The project of the Liverpool and Manchester line was first 
discussed as early as 1822. Mr. William James, of Lon- 
don, Engineer, having witnessed the powers of the Loco- 
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motiye Engine in the neighbourhood of Newcastle-on-Tyne, 
conceived that it might be successfully employed on a Rail- 
way for commercial purposes. He brought a letter of in- 
troduction to Mr. Sandars^ a gentleman who, havipg had 
practical experience of the insufficiency of the existing 
modes of conveyance from Liverpool to Manchester, was 
prepared to give all due consideration to any plan which 
proposed a remedy for a tried grievance. Mr. Sandars 
adopted the scheme, and became father to the present un^ 
dertaking. A preliminary survey was made of the country 
between the two towns, Mr. Sanders being guarantee for 
the estimated cost. The line of road recommended in this 
survey was not ultimately adopted, but the project, after 
some intermission, went forward. 

A combination of striking and favourable circumstances 
evidently belonged to a line of communication between the 
towns of Liverpool and Manchester: the one a commercial 
sea port, second in importance only to London; the other 
a large manufacturing town, and the centre and focus of a 
populous manufacturing district. Looking, indeed, at the 
intimate and necessary connexion between the two places — 
foreign produce of every description passing daily from 
Liverpool to Manchester, and manufactured goods finding 
their way from Manchester to be shipped at Liverpool to 
every quarter of the globe; considering this incessant in- 
terchange of commodities, comprising at that period up- 
wards of 1000 tons per day conveyed between the two 
towns, and this large traffic being rapidly on the increase-*— 
one should reasonably have expected to find the utmost fa- 
cility of conveyance subsisting between the two towns, or 
at least that no very serious delays or difficulties would be 
found to impede the actual transit of commodities from 
the one place to the other. But how did the fact corres- 
pond with this reasonable expectation, and how far had the 
means of conveyance for goods and merchandise kept pace 
with the mighty commerce of the two towns? 



126 

The great canal proprietors, which for nearly a ceatury 
had taken charge of the conveyance of merchandise be- 
tween Liverpool and Manchester, are the Mersey and Ir- 
well Navigation (commonly styled the Old Quay) Compa- 
ny, and the Trustees of the Duke of Bridgewater's Canal. 
The flats or barges, in both cases, have to navigate the Ri- 
ver Mersey from Liverpool to Runcorn, a distance of about 
twenty miles, according to the ordinary track which ves- 
sels are able to pursue, and thence by separate routes, the 
Duke of Bridge water^s navigation by canal terminating in 
Castle-field, Manchester, and that of the Old Quay Compa- 
ny consisting alternately of canals and the Rivers Mersey 
and Irwell, till it reaches the same great depot; the whole 
distance being about fifty miles. The Old Quay Company 
obtained their first Act of Parliament in 1733, and the 
Duke of Bridgewater in 1760. We shall take it for grant- 
ed that, at this latter period, the trade of Liverpool had so 
far increased as to render expedient the establishment of a 
second means of conveyance, namely, the Bridgewater 
Canal. We have now, therefore, to ascertain whether, 
since the period of 1760, there has been such an increase 
in the trade and commerce of this district, as- to render it 
probable that even a third line of communication might 
be desirable and beneficial to the public; and a few leading 
facts in the comparison will be abundantly sufficient to de- 
termine this point. * 

In 1.760, the number of vessels which paid dock duties 
at Liverpool was 2560. 

In 1824, when the Railway Company was formed, it 
was 10,000; the tonnage of the port having more than 
doubled in the ten preceding years, namely, since 1814. 

In 1784, twenty years after the establishment of the se- 
cond canal, an American vessel arrived in Liverpool, 
having on board for part of her cargo eight bags of cottony 
which were seized by the officers of Customs, under the 
conviction that they could not be the growth of America! 
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In 1 824, there were imported into LiverpooI,/rom «^me- 
ricOy 409,670 bags of cotton. 

In 1760, the population of Liverpool was about 26,000, 

In 1824, the population was 135,000. 

The same stupendous increase is to be found in the trade 
and population of Manchester. 

In 1 760, the population was about 22,000. 

In 1824, it was 150. c ( 

The first steam-engine used in Manchester was in the year 
1790, thirty years after the tSet was obtained for the second 
canal. 

In 1824, upwards of 200 steam-engines were at work. 

In 1824, there were nearly 30,000 power-looms employed, 
while only ten years previous there was not one* 

* Though the present arg^ument required that I should show the great 
increase of trade up to 1824, it may not be amiss briefly to notice liie aug« 
mentation of our commerce since that period. 

In 1824, year ending 24th of June, the number of vessels 
paying dock dues in the port of liverpool is stated above, at. • . .10,000 

In 1829. it was 11,383 

In 182y^year ending 31st of December, the cotton imported 
into Liverpool was 447,083 bags. 

In 1829, the importation was 640,998 „ 

In 1824, the quantity of goods passing daily between liverpool and Man- 
chester was estimated at 1000 tons. It is now (1830) about 1300 tons per day; 
in the proportion of 1000 tons passing from Liverpool to Manchester, and 
300 tons pasnng from Manchester to Liverpool. 

But the trade which has increased with perhaps the greatest rapidily is 
tlie importation into Iiv»po<^ of live stock from Ireland, to be attributed 
msdnly to the establishment of steam conveyance. The following is an au- 
thentic account of the import into Liverpool, principally from Ireland, for 
30 months; and of this large supply no small portion it is calculated will 
seek a conveyance to Manchester and the neighbourhood by the Rail- 
way:— 





Large CattU. 


Calves, 

3,875 
6,786 

15,846 


Sheefi. 


Pigi. 


From June, 1827, to June, 1828. . . . 
„ „ 1828, to „ 1829.... 
„ „ 1829, to Dec. 18297 

sax months, 5 * * 


33,164 
49,674 

32,816 


133,567 
125,197 

91,589 


107,066 
155,319 

82,561 


Total inSOmonthsf, ending Dec. 1829, 


115,654 


26,507 


350,353 


344^946 
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It may be replied, however, to this statement, that ad- 
mitting this vast increase in the population and commerce 
of the two towns, still, by increasing the number of boats, 
with facilities of loading and discharging, ample accommo- 
dation might be afforded to the public. But what are the 
facts as they existed in 1824? Mr. Sandars, in a pamphlet 
published in that year, expresses himself as follows: — 
'^ Notwithstanding all the accommodation the canals can 
offer, the delays are such that the spinners and dealers are 
frequently obliged to cart cotton on the public high roadf 
a distance of 36 miles, for which they pay four time's the 
price which would be charged by a Rail-road, and ihey are 
three times as long in getting it to band. The sattie ob- 
servation applies to manufactured goods, which, are sent by 
land carriage daily, and for which the rate paid is five 
times that which they would be subject to by the Rail-road. 
This enormous sacrifice is made for two reasons-HSome- 
times because conveyance by water cannot be promptly ob- 
tained, but more frequently because speed and certainty 
as to delivery are of the first importance.'^ — ^P. 17. 

About the same period also, the following Public De- 
claration was signed by upwards of 150 of the most re* 
spectable inerchants of Liverpool: — 

" We, the undersigned inerchants and brokers resident in 
the port of Liverpool, do hereby declare that \ye have for 
a long time past experienced great difficulty in obtaining 
vessels to convey goods from this place to Manchester, 
and that the delay is highly prejudicial to the trading and 
manufacturing interest at large. That we consider the pre- 
sent establishments for the transport of goods quite inade- 
quate, and that a new line of conveyance has' become abso- 
lutely necessary to conduct the increasing trade of the coun- 
try with speed, certainty and economy. ''-^iSsncfof^f 
p. 29.) 

Considering it, therefore, as undeniable t)iat an increased 
facility of conveyance between the two towns was highly 
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desirable^ it becaij^e a question whether a Railway would 
best combine the essential requisites of safety, economy 
and despatch. In order the better to be enabled to form 
a judgment on this point, a deputation, consisting of Mr. 
Sandars, the late Mr. Lister Ellis, Mr* Kennedy, of Man- 
chester, and the writer of this account proceeded to Dar- 
lington, where the Railway was then unfinished, and after- 
wards to the neighbourhood of Newcastle and Sunderland^ 
where various Railways were in operation, and where both 
Locomotive and Fixed Engines were employed for the con- 
veyance of coals from the pits to the respective places of 
shipment This deputation made their Report to a Com- 
mittee of Gentlemen in Liverpool, of which John Mosi^ 
Esq. was Chairman, on the 20th of May, 1824, wh^n it 
was finally determined tp form a Company of Proprietors 
for the establishment of a double Railway between Liver- 
pool and Manchester. A subscription list was opened and 
speedily filled, principally with names connected with the 
towns of Liverpool and Manchester. A permanent Com- 
mittee was afterwards appointed, of which Chas. Lawrence, 
Esq. at that time Mayor of Liverpool, was elected Chair- 
man. Mr. Geo. Stephenson, of Newcastle-on-Tyne, was V^ 
appointed Engineer. The necessary surveys were under- 
taken, and every preparation made for soliciting an Act of 
Incorporation in the ensuing Session of Parliament. 

On the 29th of October, 1824, the Committee issued 
their Prospectus, which, as the first public announcement 
of the objects of the Company and the nature of the under- 
taking, I insert in this place: — 
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PROSPECTUS. 

** The Committee of the Liverpool and Manchester Rail-road 
Company think it right to state, concisely, the grounds upon 
which they rest their claims to public encouragement and sup- 
port. 

** The importance, to a commercial state, of a safa and cheap 
mode of transit, for merchandise, from one part of the country 
to another, will be readily acknowledged. This was the plea, 
upon the first introduction of canals: it was for the public ad- 
vantage; and although the new mode of conveyance interfered 
with existing and inferior modes, and was opposed to the feel- 
ing and prejudices of landholders, the great principle of the 
public good prevailed, and experience has justified the deci- 
sion. 

*' It is upon the same principle that Rail-roads are now pro- 
posed to be established; as a means of conveyance manifestly 
superior to existing modes: possessing, moreover, this recom- 
mendation in addition to what could have been claimed in fa- 
vour of canals, namely, that the Rail-road scheme holds out to 



131 

the public not onlya cheaper^ bat far more expeditioui coQTey- 
ance than any yet establishedt 

^* The Liverpool and Manchester Rail-road is proposed to 
commence near the Prince's Dock, Liverpool, thence to Vaux- 
hall-road, then throagh Bootle, Walton, Fazakerlej, Croxteth, 
Kirbj, Knowslej, Eccleston, Windle, Sutton, Hajdock, New* 
ton in Mackerfield, Golborn, Lowton, Leigh, Pennington, Ast- 
ley, Irlam, Worsley, Eecles, Pendlebury, Salford, Hume, to 
the neighbourhood of the westerly end of Water street, Man- 
chester: in the whole, a distance of about thirty-three milei* 
By a reference to the plan it will be perceived that the road 
does not approach within about a mile and a half of the resi- 
dence of the Earl of Sefton, and that it traverses the Earl of 
Derby's property over the barren mosses of Kirby and Knows- 
ley, passing about two miles distance from the hall. In de- 
ciding upon the proposed route, the Committee have been anx- 
ious, at considerable inconvenience and expense, to select a 
line which may not only be eligible, considered in itself, but 
may be as little objectionable as possible, with reference to in- 
dividual and local interests. 

^^ The ground has been surveyed by eminent Engineers, and 
the estimated expense of a Rail-road, upon the most improved 
construction, including the charge for Locomotive Engines, to 
be employed oh the line, and other contingencies, is ^6400,000, 
—which sum it is proposed to raise in 4000 shares of jSIOO 
each. 

^ The total quantity of merchandise passing between Liver- 
pool and Manchester, is estimated, by the lowest computation, 
at one thousand tons per day. The bulk of this merchandise is 
transported either by the Duke of Bridgewater's Canal, or the 
"Mersey and Irwell Navigation.*' By both of these convey- 
ances goods must pass up the river Mersey, a distance of 16 or. 
18 miles, subject to serious delays from contrary winds, and not 
unfrequently to actual toss or damage from tempestuous wea- 
ther. The average length of passage, by these conveyances, in- 
cluding the customary detention on the wharf, may be taken at 
36 hours, longer or shorter, according to the favourable or un- 
favourable state of the winds and tides. The average charge 
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vpoii merchandiie, for the last fourteen years^ has been about 
15s. per ton. * 

** By the projected RaiUroad, the transit of nerchandise be- 
tween Liverpool and Manchester will be effected in fonr or fire 
hours, and the chai^ to the merchant will be reduced at least 
one-third. Here then will be accomplished an immense pecu- 
niarj saving to the public, over and above what is perhaps still 
■lore important, the economy of time. Nor must we estimate the 
value of this saving merely by its nominal amount, whether in 
money or in time: it will afford a stimulus to the productive in- 
dustry of the country, it' will give a new impulse to the powers 
of accumulation, the value and importance of which can be ful- 
ly understood only by those who are aware how seriously com- 
merce may be impeded by petty restrictions, and how comnaer- 
cial enterprise is encouraged and promoted by an adherence to 
principles of fair competition, and free trade. 

** The Committee are aware that it will not immediately be 
understood by the public, how the Proprietors of a Rail-road, 
requiring an invested capital of d6400, 000, can afford to carry 
goods at so great a reduction upon the charge of the present 
water companies. But the problem is easily solved. It is not 
that the water companies have not been able to carry goods on 
more reasonable terms, but that, strong in the enjoyment of 
their monopoly, they have not thought proper to do so. Against 
the most arbitrary exactions the public have hitherto had no 
protection, and against the indefinite continuance or recurrence 
of the evil, they have but one security: rr is ooMPSTmoN that 
IS WANTED^ and the proof of this assertion may be adduced from 
tiie fact, that shares in the Old Quay Navigation, of which the 
original cost was iE70, have been sold as high as d6l£50, each! 

^But it is not altogether on account of the exorbitant 
charges of the water carriers that a Rail-road is desirable. The 
present Canal establishments are inadequate to the great and 
indispensable object to be accomplished, namely, the regular 
and punctual conveyance of goods at all periods and seasons. 
In summer time there is frequently a deficiency of water, 
obliging boats to go only half loaded, and thus occasioning great 
inconvenience and delay; while in winter, they are sometimes 



133 

locked up witii frosts for weeks together, to the mastfest hin- 
derance of business. From these impediments a rail-road would 
be altogether exempt There is still another ground of objec-* 
tion to the present system of carriage bj Canals, namelj, the 
pilferage, an evil for which there is seldom adequate redresSf 
and for which the privacj of so circuitous and dilatory a pas- 
sage affords so many facilities. Whereas a conyeyance by Sail- 
way, effected in a few hours, and where every delay must be 
accounted for, may be expected to possess much of the publici- 
ty and consequent safety of the King's highways* 

^' In addition to the transport of goods between Liverpool 
and Manchester, an important branch of revenue may be ex- 
pected to result to the Proprietors of the projected road, from 
the conveyance of Coals from the rich mines in the vicinity of 
St Helens; an advantage which the water companies do not pos- 
sess, and which, from its importance and extent, may probably 
enable the Proprietors to reduce their rates of carriage still 
lower than now contemplated. These coals at present pass 
along the Sanky Canal and down the Mersey to Liverpool, a 
distance of about SO miles. By the Railway, the distance 
will be shortened one-half, and the charge for transit very 
materially reduced. 

^ Amongst the widely diffused benefits to be expected from 
the proposed Rail-road must especially be enumerated, no in- 
considerable advancement in the commercial prosperity of Ire- 
land. The latent energies of that country, her capabilities as 
a manufacturing power, will be developed by being brought 
into easy contact and communication with the manufacturing 
districts of this kingdom: while every article of her agricultu- 
ral industry will experience an increased demand from the 
cheapness and facility with which it will be introduced into the 
populous counties of Lancaster and York. Whatever shortens 
the time of conveyance practically diminishes the dista^- 
and whatever is saved in the cost of carriage is a gain to 

land. 

^^ In the present state of trade and of commercial enterp 
despatch is no less essential than economy. Merchandi 
frequently brought across the Atlantic from New York tc 
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▼erpool in twenty-one days; while, owing to the Tarious causes 
of delay above enumerated, goods have in some instances beea 
longer on their passage from Liverpool to Manchester. Bat 
this reproach must not be perpetual. The advancement in 
mechanical science renders it unnecessary: the good sense 
of the community makes it impossible. Let it not, however^ 
be imagined, that were England to be tardy, other countries 
would pause, in the march of improvement. Application has 
been made, on behalf of the Emperor of Russia, for models of 
the Locomotive Engine: and other of the continental govern- 
ment^ have been duly appri^^ of the important schemes for 
the facilitating of inland traffic, now under discussion by the 
British public. In the United States of America also, they 
are fully alive to the important results to be anticipated from 
the introduction of Rail-roads; a gentleman from the United 
States having recently arrived in Liverpool, with whom it is 
a principal object to collect the necessary information in order 
to the establishment of a Railway, to connect the great rivers 
Potomac and Ohio. 

<*The immediate and prominent advantages to be anticipated 
from the proposed Rail-road, are increased facilities to the ge* 
neral operations of commerce, arising out of that punctuality 
and despatch which will attend the transit of merchandise be- 
tween Liverpool and Manchester, as well as an immense pe- 
cuniary saving to the trading community. But the inhabitants 
at large of these populous towns, will reap their full share of di- 
rect and immediate benefit Coals will be brought to market 
in greater'plenty, and at a reduced price; and farming produce, 
of various kinds, will find its way from greater distances, and 
at more reasonable rates. To the landholders, also, in the vi- 
cinity of the line, the Rail-road offers important advantages in 
extensive markets for their mineral and agricultural produce, 
as well as in a facility of obtaining lime and manure at a cheap 
rate in return. Moreover, as a cheap and expeditious means 
of conveyance for travellers, the Railway holds out the fair, 
prospect of a public accommodation, the magnitude and import- 
ance of which cannot be immediately ascertained. 

^* The Committee do not think it necessary to dwell upon 
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probable and contingent source^ of revenue to the Proprietors, 
and of benefit to the community: but it is impossible entirely 
to overlook the tendency of increased economy and despatch 
to extend the commercial intercourse, not only upon the imme- 
diate line of road, but diverging in ramifications to the north 
and the south, and especially towards the rich and populous 
town of Bolton^ a short branch line being sufficient to bring 
that extensive manufacturing district into rapid and direct \ 

communication with this port. \ 

*^ Such is a brief view of the scheme in which the Liverpool 
and Manchester Rail-road Company have embarked, and which, 
whiLe it promises such manifold advantages to the public, the 
Committee feel confident will afibrd a fair and liberal return 
for the capital invested by the Proprietors. 

^^ Charles Lawrence, Chairman. 

^yLivtrpoolj 29/A October y 1824." 

Such, then, was the scheme of the Liverpool and Man- 
chester Railway, requiring, however, the sanction of the 
legislature before it could be carried into effect. Parliament 
met early in the ensuing year, and a portion of the Rail- 
way Committee attended in London, in the first week of 
Feb. 1825, to watch the progress of the Bill through the 
House of Commons — an undertaking by no means a sine- 
cure, as those who have had the good or ill fortune to be 
concerned in carrying forward contested bills will readily 
admit. The Committee anticipated a strenuous opposition, 
and they were not disappointed. The Proprietors of three 
Canals (the Duke of Bridgewater's, the Mersey and Irwell, 
and the Leeds and Liverpool,) each in itself no despicable 
opponent, forgetting their mutual jealousy and former dis- 
agreements, appeared in formidable array, acting on one 
impulse for the common safety, and prepared at all hazards 
to put down 80 intolerable tn innovation on established 
modes and vested rights. This was to be expected. But 
the opposition did not end here. Two noble Lords, the 
Earls of Derby and Sefton, a part af whose estates the Rail- 
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way crossed^ made common cause with the Canals to pre- 
vent the establishment of a Railway. On the part of these 
noUemen, it was contended that the sanctity of their do- 
mains would be invaded, and the privacy of their residences 
destroyed, by thus bringing into their neighbourhood a 
public highway, with all the varied traffic of coals and mer- 
chandise and passengers, that would be the consequence of 
$uch an establishment. 

The question being fairly brought before the House of 
Commons, the proceedings were briefly as follow: — ^On the 
8th of Feb. 1825, the petition for the Bill was presented to 
the House of Commons, and on the 9th the Committee on 
Standing Orders resolved that the '^ orders" had been com- 
plied with. On the 18th of Feb. the Bill was read a first 
time in the House of Commons. On the 2d of March the 
.Bill was read a second time, after .a debate of about an hour 
and a half, on which occasion Sir John Newport, Mr. 
Huskisson, Mr. W. Peel, Mr. Doherty, Mr. Calcrafl^ 
and Mr. Brougham, spoke in favour of the measure — Mr- 
Green, Member for Lancaster, and Mr. George Philips 
against it The second reading was carried without a di- 
vision. In the Committee on the Bill, General Gascoyne was 
requested to act as Chairman, an office which he kindly un- 
dertook, and which he fulfilled with infinite patience and 
perseverance during a protracted contest of nearly three 
months. On the 21st of March (all preliminary {ormB 
having been complied with), Mr. Counsellor Adam, on be- 
4tdf of the Railway Company, made his opening speech in 
Committee, and on the following days evidence was heard 
in favour of the Bill, or in Parliamentary language, in proof 
of the preamble — ^the general tenor of the evidence being 
in confirmation of the statements and arguments put forth 
in the Company^s Prospectus. Mr. Adam was supported by 
Mr. Sergeant Spankie, Mr. Joy, and Mr. Wm. Brougham. 
On the 2d of May, Mr. Spankie summoned up for the Rail- 
way, arid on the 3d Mr. Counsellor Harrison led on the hos- 
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tile van, supported by Mr. Alderson, Mr. Parke, Mr. McDo- 
nald, Mr. Earle, and Mr. Cullen. He did not deny that great 
inconvenience and delays had arisen from the defective sys- 
tem of Water conveyance, nor that occasionally it took as 
long a time to transport merchandise from Liverpool to Man- 
chester as it did to bring it from America to Liverpool; nor 
that a direct line of 30 miles on a Railway would present a 
speedier conveyance than a circuitous' route of near 50 miles 
through Canals and tide-way. But it was contended that the 
Canals and River were capacious enough for all the traffic 
of the port; that, moreover, our levels and sections were er- 
roneous; that the Locomotive Engine was an unsightly ob- 
ject; and &at the formation of the Railway would cost three 
or four times as much as the estimate: nay, Mr. Francis Giles, 
Civil Engineer, was produced to record his opinion that it 
.would cost upwards of £200,000 to carry the Railway across 
Chat Moss alone: — ^from all which it followed, that, from con- 
siderations of kindness to the Proprietors of so wild and im- 
practicable a scheme, the Bill ou^t to be rejected by the le- 
gislature.* 

* I subjoin an abstract from Mr. GUes* evidence before the Committee 
of the House of Commons^ on the 5th May, 1825» taken from an official 

copy:— 

Q, Be 80 good as to teU us whether in your judgment a Rail-road of this 
description can be safely made over Chat Mo8s> without gomg to the bot- 
tom (^ the Moss. 

Ji. I say certainly not. 

Q, Will it be necessary, therefore, in making a Rail-road which is to 
stand, to take out, along the whole line of the road, the whole of the Moss 
to the bottom? 

JL Undoubtedly^ 

Q. Will that make it necessary to cut down the 33 or 34 feet of which 
3rou have been speaking? 

A Yes. 

Q. And afterwards to fill it up with other soil? 

A. To such a height as the Rail-road is to be carried; other soil mixed 

with a portion of the Moss. 

18 
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On the subject of the levels and sections, the opponents of 
the Bill were correct in their animadversions: a considerable 
error had been committed by the Surveyors for the Railway, 
which, when discovered, was acknowledged in Committee. 
The rectifying of this error was to the advantage of the Rail^ 
way Company, inasmuch as the cost of the corrected line 
would have been less than that of the erroneous section. The 
impression on the Committee, however, was unfavourable; 
and some degree of doubt and uncertainty was necessarily 
thrown on the whole of the surveying department 

On the 30th of May, Mr. Harrison concluded the case for 
the opponents of the Bill. 

On the 31st, Mr. Adam replied; after which, the Commit- 
tee divided on the preamble, which was carried by a majori- 
ty of one; 37 members being in favour of the Bill, and 36 
against it. 

Suph a result, after a three months^ Parliamentary campaign 
and after 37 working days spent laboriously in Committee, 
was far from encouraging to the promoters -of the Bill. All 
the clauses and detail of the Bill had still to be discussed, 
scrutinized, and opposed: and it was hardly to be expected, 
after so protracted an opposition, that Members of Parliament, 
without that strong personal and pecuniary interest, in defence 
of which the Canal Proprietors might be supposed to make 
every effort, would still persevere in what, to many at least, 

Q. But suppose they were to vrork upon this stuff, could they get their 
carriages to the place. 

d» No carriage can stand on the Moss short of the bottom. 

Q, What would they do to make it stand — flaying planks, or something 
of that sort? 

A, Nothing would support it. 

Q. So that^ if you could carry a Rail-road on this fluid sttiff-<^if you could 
do it — ^it would stiUtake a great number of men, and a great sum of mo- 
ney. Could it be done, in your opinion, for JE6000? 

Jl. I should say £200,000 would not get through it. 

Q. My Learned Friend wishes to know what it would cost to lay it wiHi 
^amonds? &c. &c. 
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might now be considered a hopeless contest. Accordingly, 
on the 1st of June, the first clause of the Bill, empowering 
the Company to make the Railway, was lost, on a division, 
by a majority of 19 to 13. The clause to take land was then 
put to the vote and also lost; whereupon Mr. Adam, on be- 
half of the Railway Company, withdrew the Bill. 

Such was the result of the first attempt in Parliament to 
obtain the sanction of the legislature to the formation of the 
Liverpool and Manchester Railway. Scarcely, however, was 
the fate of the Bill decided for the passing Session before the 
first movement was made, and the first steps taken, for a re- 
newed efibrt in the succeeding year. In the course of Parlia- 
mentary proceedings it has been observed, that where a Bill 
is vehemently opposed, whether with a view to the public 
good or from the impulse of private interests, still the measure 
is seldom carried the first year. The ground is broken ; the 
arguments on both sides are stated, and probably exaggerated ; 
the heat of parties is displayed, and in some measure exhausts 
itself. In another Session the subject is more likely to be 
discussed with calmness and temper ; and if some public be- 
nefit be included in the scheme proposed, the chances of suc- 
cess are much increased in the second year. 

The promoters of the Railway felt confident that their fail- 
ure was not to be attributed to any lack of public opinion in 
&VQur of the great work in which they had engaged ; and un- 
derstanding that many Members of Parliament were strongly 
impressed with the importance of the measure in question, 
considered as a national undertaking, it was thought desirable 
that a meeting should take place between the Railway Com- 
mittee and such of the Parliamentary supporters of the Bill as 
could conveniently attend, to record some expression of opi- 
nion on the then posture of affairs, and especially with refe- 
rence to proceedings in future. Accordingly, the following 
Members of Parliament met the Railway Committee (by invi- 
tation) on the 4th of June, 1825, at the Royal Hotel, St. 
James' street, viz.: — 
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GUTKBAI. GAfCOTSX. 

The Loss Yiscomrr Fobbxs. 
Sir Philip Musokoyx. 
Sib Robsbt Wilsok. 
R16HT Hoir. W. Hirsxissoir. 
RieHT Hot. W. Bagwell. 
The Host. Gxnebal Kikg. 
The Hon. Col. Lowther. 
Thomas Sfriitg Rice, Esa. 
W. Y. Pbel, Esa. 
William'Holmes, Ef<i. 



Mabcvs BxBstroBDy Esa- 

RiCHABD HaBT DATIXfly SSH* 

W. H. Tbabt, Esa. 
Robsbt Pbtce, Eso* 
Geitebal Habt. 
Colobbl Cawthobits. 

COLOITEL CbOSBIX. 

AsDEBMAK Bridges. 
Robebt Dowbix^ Eso* 
N. Sketb, Esa. 



General Cascoyne was called to the chair, and after some 
desultory conversation, 

Mir, Huskisson said, that be perceived nothing connected 
with the discussions on this Bill in the Committee of the House 
of Commons, or in the rejection of the measure, after the pre- 
amble of the Bill was proved, which should deter the sub- 
scribers from renewing their application to Parliament another 
Session. Looking at the immense traffic between Liverpool 
and Manchester — taking into consideration the well-being of 
Ireland, which required the utmost facilities of introducing 
her produce into the great manufacturing districts — ^he had no 
hesitation in sajring that, in his opinion, some additional and 
improved means of conveyance between Liverpool and Man- 
chester would be highly desirable. It was, therefore, that he 
considered the measure now under discussion of great public 
importance; and whatever temporary opposition it might meet 
with, he conceived that Parliament must ultimately give its 
sanction to the undertaking. 

Sir Sober t Wilson expressed a wish that, as regarded the 
opponents of the measure, every discussion and proceeding 
might be carried on in the spirit of conciliation. 

Mr. Spring Sice said, he could state that almost all the 
commercial bodies in Ireland were favourable to the measure; 
and he thought Hon. Members would render a great service 
to that country by supporting the Bill when again btt>ught 
forward. He considered the Railway would be particularly 
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important in facilitating the intercourse between Manchester 
and those districts in Ireland which were alreadj engaged in 
certain processes of the cotton manufacture. 

Mr. Holmes read a letter from Lord Lowther, regretting 
his inability to attend ; also a favourable opinion of Mr. 
M^Jidam^ on the facility of carrying roads over b<^ and 
mosses ; a question which had occasioned much discussion in 
the Committee of the House. 

After some farther conversation, Mr. Lawrence^ as Chair- 
man of the Railway Deputation, having expressed his convic- 
tion that the subscribers would be disposed to renew their ap- 
plication to Parliament in the next Session, the following re- 
solution, moved by Mr. Huskisson^ and seconded by Mr. 
W. Peel^ was unanimously adopted: — 

^^ That it is the opinion of this meeting, that for the pur- 
pose of ensuring increased facility, cheapness, and despatch in 
the very extensive intercourse in merchandise and manufac- 
tured goods between the towns of Liverpool and Manchester, 
and also in the general trade between this great manu&c- 
turing district and Ireland, it is expedient to provide addition- 
al and improved means of conveyance between Liverpool and 
Manchester." 

The second resolution was proposed by Mr. Spring Sice 
and seconded by Mr. Bagwell^ 

'^ That the failure of the Liverpool and Manchester Rail- 
way Bill during the present Session, in consequence of the re- 
jecting of two enacting clauses, after the preamble of the Bill 
had been proved, does not appear to this meeting an event 
which ought to discourage the subscribers from renewing 
their application the next Session of Parliament, should it ap- 
pear to the subscribers advisable to carry this important mea- 
sure.'* 

After this resolution was agreed to, the meeting broke up ; 
and thus terminated the proceedings of the Railway Com- 
mittee, in connexion with their application to Parliament in 
the Session of 1S35. 
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The interval was short between the labours of this Session 
and the preliminary steps requisite to be taken preparatory 
to the ensuing Parliamentary campaign. The Committee of 
the Railway, on the return of their Deputation from London, 
advertised their intention of adopting " measures for a renewed 
application to Parliament the ensuing Session :" and on the 1st 
of July, it was resolved that Mr. John Rennie be requested 
to undertake the office of Engineer to the Company. After 
£ome correspondence, it was agreed that Messrs. George and 
John Rennie should be the Engineers of the Railway ; and Mr. 
George Rennie, pursuant to instructions, undertook a new 
survey of the country between Liverpool and Manchester, in 
order ^* to report to the Committee the best line for a Rail- 
way.^ 

On the 12th of August^ the Committee, on the recommen- 
dation of the Engineers, determined to adopt a new line of 
way, passing considerably to the south of the former route. 
In furtherance of this resolution, Mr. Charles Vignoles, on be- 
half of Messrs. Rennie, was appointed to prepare the neces- 
sary sections and plans of the projected undertaking. As 
these advanced towards completion, it became evident that 
the cost of the new line would much exceed the former estimate 
of £400,000. It became a question, therefore, with the Com- 
mittee, in what way to raise such additional sum as might be 
requisite. 

In an early stage of the undertaking it was proposed to R. 
H. Bradshaw, Esq. M. P. as Trustee for the Proprietors of 
the Duke of Bridgewater's Canal, to become a shareholder in 
the Railway. It appeared reasonable that the Proprietors of 
the Canal Navigations, whose property might be considerably 
affected by the establishment of a new mode of conveyance, 
should have the option of taking part in the projected scheme. 
Mr. Bradshaw, however, declined the proposition. If it be 
inquired why the same offer was not made to the other great 
Navigation Company (the Mersey and Irwell,) the answer is 
obvious. The Duke of Bridgewater's Canal is private, en- 
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tailed, and indisposable property ; whereas a Proprietor of the 
Mersey and Irwell Company had the power, any moment, to 
reduce his interest in the water conveyance, and take a share 
in the Railway, if he so thought fit. 

The Committee of the Railway, at the present juncture, 
determined to renew the overture which they had formerly 
made, but not through the intervention of Mr. Bradshaw. A 
communication was opened more directly with the Marquis 
of Stafford, the party beneficially interested in the Duke's 
Canal, through the medium of James Loch, Esq. M. P. his 
Lordship^s confidential adviser. The proposal was met in 
the spirit in which it was made ; and, ailer the discussion of 
various preliminary points, it was agreed that the Marquis 
should become a subscriber to the new line of Railway, to the 
extent of 1000 shares. This arrangement being completed, 
the Committee lost no time in issuing their second Prospectus, 
in which the circumstance is made known to the Proprietors 
and to the public. The following is a copy : — 



^ 
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•tUVEBPOOL AMD KANCH£STEB RAILWAY GOlfPAXT. 

NEW LINE. 

COMMITTEE. 



LASiToirSy Esq. 1 ^^ Adak Hobssok, Esq. Ditto. 

I, Esq. V Cmu^Ll ^^^^^ Hoi>»803r, Esq. Ditto. 

SDAiiSy Esq. J JosKTH HoBiTBT, Esq. Ditto. 



Chasiss liAWlixirci, Esq. CAotrnum. Tboxas HsaolilX, Esq. LiTcrpooL 
fioBSKT GLAssToirSy Esq. 

JOKBT Moss, 
JOflFB SaSDAAS, 

BoBXRT BxKsoK, Esq. liyerpooL Johh KsmrxsT, Esq. Manchester. 

H. H. B1BLXT9 Esq. Manchester. Aaeoit Lcks, Esq. Ditto. 

JosxpH BiBLxt, Esq. Ditto. W. Mazwsu, Esq. LiyerpooL 

Bbviajok Booth, Esq. Ditto. Wiixiax Pottxb, Esq. Ditto. 

HxvBT BooTK, Esq. LayerpooL Wxixiam Rathbobb, Esq. Ditto. 

Thomas S. Bbavpueth, Esq. Ditto. Williax Rothxbhajc, Esq. Ditto. 

Jqhh Ewabt, Esq. Ditto. Jobk Btle, Esq. Manchester. 

I'XTSB EwAXTy Esq. Manchester. Thoicab SBABPBy Esq. Ditt^ 

B. H. GBxeoy Esq. Ditto. Jour Wosoir, Esq. LiyerpooL 
B. Habiusov, Esq. LiyerpooL 

PatUameniarjf Jtgentf Thomas M. Shxbwooii, Esq.— jE^n^ftheerf, Messn. 
GsoB«B and Johit Bxnm. — SoUcHon, Messrs. PBrrr and Ci.at. — Banhtn^ 
Menn. MosSy Booxxs and Moss, LdyeipooL 

Capitai. £510,000. 



PROSPECTUS. 

'* The Committee of the Liverpool and Manchester Rail- 
wajy before entering upon the labours which a renewed appli- 
cation to Parliament will impose upon them, are desirous to 
advert to the causes which led to the unsuccessful termination 
of their late efforts; and, at the same time, briefly to explain 
the grounds upon which they rest their anticipations of suc- 
cess in the ensuing Session. 

^A very prominent objection, taken by the opponents of the 
Bill, was founded on the errors in the section and levels, as 
exhibited before Parliament. These errors the Committee at 
once acknowledged, and regretted; and to avoid all chance of 
similar complaint in future, they have engaged the professional 
services of mbst eminent Engineers, aided by assistants of un- 
doubted talents and activity, whose combined efforts justify the 
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ftiHest assurance, not only of the correctness of the plans and 
sections, bat that the whole line will be laid down and arranged 
with that skill and conformity wkh the rules of mechanical sci- 
ence, which will equally challenge approbation, whether consi- 
dered as a national undertaking of great public ulility, or as a 
magnificent specimen of art. 

*^ A second objection to the measure (which, howeTer, was 
insisted upon out of doors more than in Parliament) was the 
interruption and inconvenience anticipated from the line of 
road crossing various streets in Liverpool and Manchester. 
This difficulty has been completely obviated. In the new line^ 
recommended by Messrs. Rennie, the Railway enters Liver- 
pool by means of a tunnel and inclined plane, thus effecting a 
direct and most desirable communication with the King and 
Queen's Docks, i/^ithout interfering with a single street. It doea 
not enter the town of Manchester at all, the line terminating 
near the New Bailey Prison, in the township of Salford. 

^* A third objection to the measure was taken by the Old 
Quay Company, on the ground that the Railway interfered witii 
their navigation, by reason of a bridge in the neighbourhood 
of Manchester, over the river Irwell. The Committee are hap- 
py to state that this difficulty is avoided, inasmuch as the new 
line does not cross the Irwell at all. 

'* A fourth manifestation of opposition was on tiie part of 
the Leeds and Liverpool Canal Company, on the ground that 
the Railway passed under their Canal, in its way to the Prince's 
Dock. However futile such an objection, it is satisfactory to 
be enabled to state, that even this assumed ground of opposi- 
tion is altogether avoided, as the line does not go near the Ca- 
nal in question. 

" Another and more plausible objection was founded on the 
employment of the Locomotive Engine. It was contended, in 
the first place, that this new and peculiar power was incom- 
petent to perform the task assigned to it^ in the second place, 
that it was unsafej and lastly, that in its operation it would 
prove a public nuisance. By the evidence, however, it was 
proved that it was perfectly competent to perform all that Was 
proposed to be accomplished; and, before the evidence was 

19 * 
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closed, the Counsel for the opponents of the Bill admitted ttiat 
it was «a/c. Upon the third point of objection, the Committee 
are confident such improveroettts will be made in the construc- 
tion and application of this eflfective machine, as will obviate all 
objection on the score of nuisance; and, as a guarantee of their 
good faith towards the public, they will not require any clause 
empowering them to use it,— or they will submit to such re- 
strictions in the employment of it as Parliament may impose, 
for the satisfaction and ample protection both of proprietors oa 
the line of road and of the public at large. 

" The last, but not the least important objection which the 
Rwlway had to encounter, was on the part of several land 
owners on the line. Amongst their opponents, on this ground, 
the Committee regret they were obUged to number the noble 
Earls of Derby and Sefton, whose estates the Railway-crossed 
for « considerable distance, as well as others, whose property 
the line unavoidably intersected. 

** The Committee most fully admit that the opinions and per- 
sonal convenience of proprietors on the line of road are en- 
titled to every consideration, and they have been most anxious, 
by all practicable means to meet the wishes or to remove the 
objections of every land owner on the road. They are happy to 
be able to state, that they can no longer, in this respect, find an 
opponent in Lord Sefton, as they do not, in the line of road 
they are about to apply for, cross any portion of his Lordship's 
estate. And with reference to the Earl of Derby, they con- 
ceive they are entitled to apply the same observation, inasmuch 
as the new line crosses only a few detached fields of his Lord- 
ship's property, far removed from the Knowsley domain, and 
the great turnpike road from Liverpool to Manchester inter- 
vening. 

*« With reference to the land owners generally upon the new 
line, the CommiUee have to state, that they have spared no 
pains to accommodate the exact route to the wishes of proprie- 
tors whose estates they cross; whether, on the one hand, by re- 
moving the road to a distance from the mansions of proprietors, 
and from those portions of estates more particularly appropri- 
ated to game preserves, or, on the other hand, by introducing it 
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more inHnediately into the Yicinitj of districts abounding with 
coal, which, bj this means, will be brought into a cheap and 
expeditious communication with the Liverpool and Manches- 
ter markets. And thej are happy to state, that their efforts 
in these respects have been in a great measure successful. In 
an important national undertaking, where a road has ta be car- 
ried through a populous country for thirty miles, it will hardly 
be expected that every proprietor will assent, or that no indi- 
vidual will consider himself aggrieved. The Committee have 
used every effort to render the measure not only unobjectiona- 
ble, but advantageous to every land owner on the line. In all 
cases they are prepared to give a full value for the land they 
may require; and^ should there be instances where unavoidable 
inconvenience is occasioned, they are most anxious to admit, 
that peculiar damage must be met by peculiar compensation. 

*^In regard to the existing means of conveyance, the Com- 
mittee are desirous to state, that they are actuated by no hos- 
tile feeling to their iaterest and prosperity. They have felt that 
the increased and increasing trade of the two great towns of 
Manchester and Liverpool, and the rapidly increasing inter- 
course with Ireland, demanded additional facilities in the 
means of transit; and the professed and sincere desire of the 
Committee has been confined to supply this want. The Com- 
mittee have the satisfaction of being able to state, that, in ac- 
cordance with this feeling, the oppbsition of the most powerful 
of the existing establishments has been removed, by the Mar- 
quis of Stafford having, for himself and those of his family who 
are beneficially interested ia the profits of the Duke of Bridge- 
water's Canal, become a subscriber ta the Railway to the ex- 
tent of One Thousand Shares. Being satisfied that the pro- 
ceedings of last Session of Parliament have removed the misap- 
prehensions which existed, both in regard to the nature and the 
management of the Bridgewater Canal, they felt it would be 
unfit to continue their opposition to the proposed measure in its 
improved form. 

"Having thus disposed of the objections and difficulties 
which the Committee have had to encounter, they will briefly 
advert to those prominent and unequivocal advantages of tlie 
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neuiire upon wMch they rest their claim to the faTour of the 
^Uic, and the sanction of Parliament 

** In their prospectus of last year, the Committee stated * the 
total quantity of merchandise passing between Literpool and 
Manchester at one thouBond tons per day. ^ This quantity, it 
would seem, is underrated, the whole traffic being admitted, 
on all hands, in Committee of the House of Commons, to be 
1200 tons per diem; which immense aggregate of tonnage is, at 
present, subject to all the delays incidental to the river naVi* 
gation. 

«* The Committee of the Railway propose to eflfect the trans- 
sit of merchandise in a few hours, with uniform regularity, and 
at such reduced rates as will secure to the towns of Liverpool 
and Manchester a pecuniary saving, which, whether estimated 
in proportion to the expenditure upon which it is effected or 
with reference to the aggregate amount, has seldom been 
equalled in any scheme of improvement submitted to the public. 

** Neither is the immediate pecuniary saving to the towns of 
Lirerpool and Manchester to be estimated with reference 
merely to the cost of conveying merchandise between the re- 
spective towns. The travelling between Liverpool and Man- 
chester is upon the most extensive scale; and the economy to be 
effected in this branch of expenditure, though impossible to be 
estimated with accuracy, must be considered as most important, 
and, of itself, no small recommendation of the undertaking. 

" The advantages, however, above enumerated are only a 
part of the beneficial results which this scheme proposes. The 
line of Railway, as now laid down, passes through a rich and 
extensive coal district, in full working, for the supply of lA- 
Tcrpool, and requiring only a facility of transport to be brought 
into requbition for the supply of Manchester. At a moderate 
computation, Liverpool requires for its local consumption 
nine hundred tons of coal per day, besides what is required 
for foreign commerce, and for the numerous steam-packets 
which sail daily through the season between Liverpool and 
various ports in Ireland, Scotiand, and Wales. An aggregate 
consumption of 500,000 tons per annum may be taken as un- 
der the mark. Of this large quantity, a considerable propor- 
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tion is brought to market by land carriage; extensive fields of 
coal in the direct line of the Railway having no other means 
of access to Liverpool. With reference to Manchester, the 
ordinary consumption for domestic purposes maybe considered 
the same as in Liverpool, and the quantity used in the exten- 
sive factories of that town may be computed as equivalent to 
the demand for the steam vessels, and for the export trade at 
Liverpool: the aggregate consumption, therefore, of the two 
towns may be estimated, with sufficient accuracy, at ons mil- 
*uoN of tons per annum. 

** The importance to the community of a moderate price to 
be paid for an article of such extensive and universal consump- 
tion is immediately apparent; and some idea of the benefit to 
be derived from such a facility of transport as may ensure a 
more enlarged and effectual competition may be formed from 
the circumstance, that in Manchester the price of coals was ad« 
vanced Is. 6d. per ton immediately upon the Railway Bill be- 
ing withdrawn in the last Session of Parliament; while in Li- 
verpool, within the last thirty-five years, the price of the best 
coal has been advanced upwards of Ts. per ton, that is, nearly 
100 per cent. But, estimating the reduction in the price of 
this article at 2s. per ton, here is a saving of d6 100,000 per an- 
num (an amount equal to the whole assessed taxes of the two 
towns) effected upon a single article, not of luxury, and con- 
fined to the higher or mercantile classes of the community, but 
an article of the first necessity, of daily and hourly consump- 
tion, and forming no small item in the expenditure of every 
poor man's. family. 

<< Moreover, it would be to take a very narrow and imperfect 
view of the great question now under discussion, to limit our 
consideration to the immediate accommodaticm of the mercan- 
tile classes, to the pecuniary saving proposed to the travelling 
community, or even to the still more important saving to the 
consumers of coals, and of every description of goods conveyed 
between Liverpool and Manchester. The question demands a 
wider survey, and the consideration of more distant results. 
We must contemplate the important effects upon the com- 
merce of the nation, which are to be anticipated, on the one 
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hand, from affording ^ or, on the other hand, from denying faei- 
litiea to the commercial operations of this great county. Above 
all, we must look to Ireland, the natural granary of the manu- 
facturing districts of this country. To the sister kingdom a 
facility of intercourse and conveyance between Liverpool and 
the interior of Lancashire and Yorkshire is of paramount im- 
portance; in the first place, for the cheap and regular transport 
of her agricultural produce; and, secondly, for the rapid transit 
of cotton and woollen goods in different stages of their manu- 
facture, which alone seems wanting to footer the growing in- 
dustry of Ireland; to give to her some proportionate advantage 
for her cheap labour, and thus render her an auxiliary and a 
helpmate to the more stable manufacturing establishments of 
this country. 

<< But the subject does not end here. It becomes a question 
of serious import whether this country, which is indebted for so 
much of her wealth, and power, and greatness, to the bold and 
judicious application of mechanical science, shall now pause in 
the career of improvement, while it is notorious that other na- 
tions will adopt the means of aggrandisement which we reject, 
whether England shall relinquish the high vantage ground she 
at present possesses, not more with a reference to the direct 
operations of commerce and manufactures, than, generally, in 
the successful application of the most important principles of 
science and of art 

<< The Committee feel that it is unnecessary to dwell at great- 
er length on the question they have thus brought before the 
public. They are about to apply for the sanction of the legis- 
lature; and they are determined to relax no efforts on their part 
to bring about the honourable and speedy accomplishment of 
the great work in which they have engaged. 

" Charles Lawrence, Chairman, 
" Liverpool^ December 26, 1825. " 

The time was now arrived when the . question was again 
to be brought under the consideration of the legislature. A 
Deputation from the Railway Committee accordingly assem- 
bled in London in the first week in February, 1826. . 
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On the 7th of February, the Petition for the Bill was 
presented to the House of Commons by General Gascoyne. 

On the 9th, the compliance with the standing orders was 
proved in Committee. 

On the 10th, the Bill was read ^ first time in the House 
of Commons. 

On the 20th, it was read a second time, without discus- 
sion. 

On March 6, Mr. Counsellor Adam made his opening speech 

in Committee, and on the same side were Mr. Seiigeant Span- 
kie, Mr. Joy, and Mr. W. Brougham. 

After the estimates and other evidence in the Engineering 
department had been recorded, the general evidence in favour 
of the Bill, and with reference to the trade and commerce of 
the two towns, occupied two days. 

On the 9th of March, Mr. Spankie summed up, and Mn 
Counsellor Earle opened his case on behalf of the opponents. 
The injury to be apprehended to certain land owners on the 
line of Railway, and the competency of the Canal Compa- 
nies to carry on the trade between Liverpool and Manches- 
ter, were the topics principally enforced. 

On the 15th of March, Mr. Harrison, for the Canals, sum- 
med up, in a speech of two hours, the burden of which was, 
that the Railway, as a conveyance, would be neither cheap 
nor expeditious ; that it would be a grievous injury to the 
land owners on the line, and at the same time ruinous to the 
projectors themselves. 

On the 16th of March, Mr. Adam replied; after which the 
room was cleared, and on the division, the Preamble of the 
Bill was voted to heprovedj by a majority of 43 to 18. 

On the 6th of April, tlie Bill was read a third time in 
the House of Commons. The debate on this occasion was 
spirited; General Gascoyne moved the third reading, se- 
conded by Mr. W. Peel; the Hon. Edward Stanley moved 
that ttie Bill be read that day six months, and was seconded 
by Sir Isaac Coffin. Mr. Huskisson and Sir John Newport 
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ipoke in favour of the Bill; and Mr. Philips (aow Sir Greo. 
Philips) and Capt L Bradshaw against it On the division, 
the numbers were 88 in favour, 41 against — majority 47. 

On the 7th of April, the Bill was read a first time in the 
House of Lords. 

On the 10th of April, Lord Dacre moved the second 
reading, when the Earl of Derby declared his intention to 
opi>ose the Bill in Committee, though he should not object 
to the second reading. 

On the 13th of April, Mr. Adam opened the case for the 
Railway in the Committee of the Lords, thirty-three Peers 
being /present, Lord Eenyon having consented to take the 
chair. 

The evidence, on both sides, was similar in effect to that 
offered to the House of Commons. On the subject of the 
Locomotive Engine, however — ^a machine which had been 
represented to the House of Commons in so formidable a 
light,— -evidence was brought forward by the opponents of 
the Bill; but so poor a case was made, and so little objection- 
able did the Engine appear to be, even from the testimony 
of the opponents, that the Lords did not think it necessary to 
hear any evidence on the other side, although it was tender- 
ed by the Counsel for the bill. 

On the 20th of April, Mr. Sergeant Spankie summed up, 
on behalf of the Railway, and Mr. Alderson opened in oppo- 
sition. 

On the 27th of April, Mr. Harrison summed up for the op- 
ponents, and Mr. Adam replied; after which, the Committee 
adjourned till the 1st of May. 

On that day the Committee of the Lords re-assembled, 
thirty-two Peers being present. On a division, the preamble 
was declared to be proved, the numbers being 30 in favour 
— 2 against. 

Amongst the Peers in favour of the Bill were Lord Ken- 
yon, the Earl of Lonsdale, the Bishop of Bath and Wells, the 
Bishop of Chester (now Bishop of London), the Marquis of 
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Salisbury, Earl of Cftfisillis, Lord Dacre, Earl of Oaemar* 
Ton, &c, &c. 

The Earl of Derby and the Earl of Wilton were the op- 
posing parties. The Bill was then read a^ thivd time in the 
Lords, and passed without a division. 
" Such is a brief outline of the Parliamentary proceedings on 
the Liverpool and Manchester Railway Bill; a measure which 
called into activity very powerful and conflicting interests. It 
could not, indeed, be expected that wealthy and long-establish- 
ed Companies, exercising their joint monopolies by prescrip- 
tive right and undisputed usage, could contemplate with Ae 
liberality of advocates for free trade the establishment of a 
Company great and powerful as themselves, for the avowed 
purpose of carrying on, by land, that mighty trafGc and in- 
terchange of commodities between Liverpool and Manchester 
which had been so long and so profitably carried on by water. 
To put down, in limine, a scheme so startling in its character 
and withal 50 full of unknown consequences, was an object 
worthy of a strenuous and combined effort. The attempt 
was accordingly made: no labour was spared, no expedient 
left untried, no expenditure withheld. The greatness of the 
effort, however, on the one side, called forth proportionate 
exertion on the other. The aggregate pecuniary cost entailed 
on the parties concerned in the contest, was not less. than 
from sixty to seventy thousand pounds: it has been estimated 
much higher. But the contest is over, and the result will be 
satisfactory to all who contemplate with pleasure the com- 
mercial prosperity of the country, or who take an interest in 
niarking those great steps in the progress of mechanical sci- 
ence, the successful study and varied application of which, 
to arts and manufactures, have contributed in no small degree 
to raise this country to its present pre-eminence in wealfii, 
power, and civilization. 
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CHAPTER n. 



FORMATION OF THE RAILWAY AND EXPENDITURE. 

I 

The first General Meeting of Subscribers, under the authp- 
nty of tbe Act, was held in Liverpool on the 29th of May ^ 
1826, when twelve Directors were chosen by the Prqprietoi:8 
in poqjjunction with three Directors nominated by the Mar- 
quis of Stafford, to carry into effect the formation of the pro* 
jected Railway. The first meeting of Directors was on the 
following day, when Charles Lawrence, Esq. was elected 
Chairman, and John Moss, Esq. Deputy Chairman; and the 
Board immediately took into consideration the choice of a 
Principal Engineer. It was obvious, that in an underta- 
kii^ of such magnitude, a resident Engineer of experience^ 
and ability was indispensable; and the Directors naturally 
turned their attention to Mr. Stephenson, of Newcastle, a gen. 
tleman thoroughly acquainted with practical mechanics, and 
possessing more experience in the construction and work- 
ing of ^^ilw^js than perhaps any other individual. The 
Directors, at the same time, wrote to Messrs. Geo. and John 
Bennie, requesting them to undertake the professional super* 
intendence of the undertaking. On the 17th of June, Mr. 
Geo. Rennie had an interview with the DirectorSj on which 
Oceanian the subject wtfs discussed; and, in conclusion, Mr. 
Rennie proposed to the Directors to superintend the exeeu- 
tlon of the work> making six visits per annum, and remain* 
ing oh the ground seven or ten days at each visit, but stipu- 
lating, at the same time, that the resident Engineer should 
be of his own appointing. On the 1 9th of June, the Direc- 
tors took Mr. Ronnie's proposition into consideration. They 
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would have been glad of tfie professional assistance of Mr. 
Rennie, but it was their duty to take advantage of the best 
practical knowledge within their reach, f he trust reposed 
in tbem, and the responsibility attaching fo^ its due fulfil- 
ment, were too weighty to allow of their being much iri- 
ihienced by ordinary punctilios. Their course was* direct 
to th6 great object they had in view. Mr. Rennie's pro- 
position was respectfully declined, and Mr. Oeorge Ste- 
phenson was elected principal Engineer to thte Company. 

The first point of actual operation was oh Chat Moss, 
where tlie drainitig was- commenced in Jotie, 1826. The 
6tnt Sfiaft of (he Lhrerpoo! Tunnel was opened in Septeth* 
ber of the same year, but vei*y little progress was made in 
either of these departnlents of the work during 1826; and 
the earth-work (comprising the cuttings and embankings 
along the ^hole line) was not commenced till January, 
1827. It will not be surprising that some delay should 
take placid in the first instance, before a sufficient quantity 
of Wagons, implements, and hiaiterials couM be constructed 
or collecited, to enable the Engineer to make much pro- 
gress in the eiteCUtion of the work. In mechanics, it is 
found that it is not easy to put great weights speedily into 
rapid movement; and a variety of impediments must gene- 
rdly be encountered at the commencement of great under- 
taking's; In l^e case of the Railway, the purchase of land 
was a preliminary step, requiring time and consideration 
to accomplish. Early in 1827, however, the machine was 
fairly in motion; the necessary arrangements were made; 
assistant Engineers were appointed; and operations in va- 
rious parts of the line were in progress. 

One of the objects of the Directors, in the summer of 
1826, had been to make arrangements to obtain a loan of 
dS100,000 from the Exchequer loan commissioners, appoint- 
ed by the authority of Parliament to aid the completion of 
public works by the loan of money, under proper securi- 
ties for its repayment by instalments, in a series of years. 
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dered necessary to haj^re the authority of a special Act <^ 
Parliament for the purpose; and accordingly a General 
Meeting of Proprietors, on the 11th of December, 1826. 
empowered the Directors of the Railway to apply to Par- 
liament for an act to authorise the loan in question. The 
Act was obtained in the Spring of 1827, and in June of the 
same year ^100,000 was received from the Commissioners. 
With the aid of this loan, in addition to the several calls on 
the subscribers, the Directors were enabled to push for- 
ward the work with more than ordinary vigour, and conse- 
quently to give employment to an increased number of la- 
bourers, which, at the period in question, and under the 
circumstances of the time, was an object of no small im- 
portance* 

During the whole year 1827, the formation of the Tun- 
nel under Liverpool was carried forward with spirit and 
perseverance. Night and day the excavation proceeded, 
and many di£Eiculties in the execution of the work had to 
be overcome. In some places the substance excavated was 
a soft blue shale, with abundance of watery in other pliaces a 
wet sand presented itself, requiring no slight labour and 
contrivance to support. till the masonry which was to form 
the roof was erected. In passing under Crown street, 
near the Botanic Garden, for want of sufficient props the su- 
perincumbent mass fell in from the surface, being a depth 
of SO feet of loose moss«earth and sand.* On some occa- 
sions the miners refused to work, and it not unfrequently 
required the personal superintendence aud encouragement 
of the Engineer to keep them at their posts. Nor is this 
surprising, considering the nature of the operation: boring 
their way almost .in the dark, with the water streaming 
abound them, and uncertain whether the props and stays 
.' would bear the pressure from above till the arch-work 

* Hus happened while the Engmeer was absent from Liverpool. 



157 

should be completed* Those who visit the Tunnel in its 
present state, illuminated with gas-lights, and traversed by 
horses, carriages, and crowds of passengers, will not easily 
picture to themselves the original dark and dangerous ca- 
vern, with the roof and sides supported by shores, while 
the miners pursued their arduous task by the light of a few 
candles^ whose feeble glimmer glancing on the water which 
ran down the sides, or which spread out in a sheet below, 
was barely sufficient to show the dreariness of the place. 
But while some portions of the Tunnel were excavated un- 
der circumstances of no little difficulty and danger, and re- 
quiring all the skill and energy of the Engineer to accom- 
plish, other portions were hewn through a fine red sand- 
stone, clean, dry, and substantial, and requiring neither 
props nor artificial arching; the natural rock forming the 
roof of the excavation. 

The Tunnel was constructed in seven or eight separate 
lengths, communicating with the surface by uprl^t shafts, 
through .which the substance excavated was conveyed away. 
The exact joinings of these different lengths, so as to form 
one complete whole, as now exhibited, was, of course, from 
time to time an object of considerable interest, and to the 
Directors of some anxiety; and the accuracy with which 
this was effected is highly creditable to the Engineei*, and 
to Mr. Lock, the Assistant Engineer for that department. 

Nearly two-thirds of the Tunnel were completed in 1827, 
at an expense of twenty thousand pounds; and about the 
same money was expended in the cuttings and embankings 
along the line. The total expenditure of the Company on 
the 31st of December, 1Q27, including the cost of obtain- 
ing the Act of Parliament, and other preHmiuary disburse- 
ments, was £212.855 19s. 8d. 

Early in the year 1828, it became evident, notwithstand- 
ing this large expenditure, that the progress of the works 
was not advancing with that celerity which was to be de- 
sired. On the earth-work, the estimate of which amounted 
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to £l3$iOOO^ only iBSO^OOO had been expended at 1}ie doii 
•f lain. The Direetons became ftitlj sensible of the ifn- 
portanee of expediting the whole work. The interest on 
the capital expended^ and the loss of all income till the 
Railway^ or at least a considerable portiofi of it sfioald be 
completed^ afforded motive sufficient to Induce the Com- 
pan3rto poih 4brward the operations with still inereamg 
speeds 

In the spring of this year (18dB) the Directors obtained 
asi Act of ParUament for alterkig the line of road, im- 
proving the curves^ and short^iing the distance, 1^ avoid- 
ing several circaitous routes, as laid down in the parliamen- 
tary plan. The improved parts of the road are eomprised 
between eertaan lands in the township of Sutton, near Rain- 
bill, and that part of the line situate in Culcheth, ndar 
Bury lane. 

On the 9th of June, 1828^, it was reported to the Diree- 
tora that -the last joining between die several lengths of 
the Tunnel was effected, and at that time all very serious 
drfficultie* in the execution of this branch of the under^ 
taking were surmounted. In this year principally, was ef- 
fected the piling for the foundations of the piers of the 
great Viaduct over the Sankey valley, a business of much 
labour and cost, but indispensable for the security of the 
superstructure. About two hundred piles, varying from 
20 to 30 feet in length, were driven hard into the founda- 
tion site of each of the ten piers. The heavy ram ttm- 
ployed to impart the finishing strokes, hoisted up wiUi 
double purchase and snaiPs pace to the summit of the 
Piling Engine, and then falling down like a thunderbolt on 
the head of the devoted timber, driving it perhaps a' single 
half inch into tihe stratum below, is well calculated to put 
to the test tiie virtue of patience, while it illustrates the old 
adage of—" slow and sure. '* The Viaduct comprises nine 
arehes of 50 feet span each, stretching across the valley of 
the Sankey, oyer which the Railway was to be carried, at a 
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height of nearly 70 ieet above the level of the Sankejp Ca" 
nal. During the present year (18^S,) waa completed the 
Compaoy'a bridge over the turopike road and the old Mill 
Dam at NewtoQ, and the operations on Chat Moras were 
earried on without intermission^ embanking at each end, 
and drainingi levelling, &o. on the centre portions^ 

On the 3l$t of December^ 18^8, the total esqiienditure 
was ^461.899 198. Bi., which included the following 
items: — 

Qn account of Chat Moss £17,50^ 1 S 

,, Cuttings & EmbankingB • 84^565 19 9 

„ Tunnel 33,937 14 0. 

,, Sankey Viaduct . • . 32,323 6 9i 

,1 Land ....... 101,962 9 11 

y^ Iron Rail% Chairs, &c. . 63^010 3 10 

Early in the year 1829, the Directors, with the sanction 
of the Proprietors, applied to Parliament and obtained their 
fourth •^ctf the purport of which was<— first, to improve 
the termination of the Une at the Manchester end, by car-* 
rying the Railway in a more direct course over the IrweU 
into Manchester, instead of allowing it to terminate neac 
th^New Bailey, in Salford, as set out in the original plan^ 
This alteration was a great improvement, as, it brought thei 
Railway to a station in Water street, in the centre of tb« 
great Carrying Companies' Establishmentp;. afibrding^ at^ 
the same time, convenient access to the difierent parts of 
Manchester,, wbetiier with a view to merchandise laden itk 
thp Railway wagons, or pasfsengera arriving in the Railway 
coaches* 

Another important object of the Act of the present year 
waa to authorL^e the. Company to raise an additional capital 
of ^127,500 by $100 d825 shares, each holder of an ori- 
ginal: ^100 ^hare being entitled to one £25 share. The 
purpose of this new fund was to enable tbe Company to 
provide depots, machinery, wagons, carriages, &c with all 
i^purtenances belonging to a Carrying Departfmnts for 
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it i0 to be observed, that the original Railway Act requires 
the Company to be carrierSy though it does not provide the 
means of carrying. That the raising of this additional ca- 
pital was deemed expedient by the Proprietors at large, 
may be inferred from the circumstance that only fifteen of 
the new shares (out of 5100) were declined by the parties 
entitled to them, under the Act 

In the spring of 1829, the Directors were still anxious 
for increased despatch in the execution of the work, and 
the Engineer, in consequence, was instructed to order the 
Contractors at the principal cuttings throughout the line, 
to employ two sets of labourers, and to work by night as 
well as day. The operations accordingly proceeded still 
more rapidly than heretofore, though it must be allowed at 
considerably increased expense; and had it not been for an 
extraordinary wet summer and autumn, the earth-work for 
a complete line of communication between Liverpool and 
Manchester might have been accomplished by the end of 
1889, or the beginning of 1830, and the Railway laid down 
for operations within a few months from that period. As 
it was, very considerable delay was occasioned by the hea* 
vy and long-continued rains, besides no trifling expense 'to 
the Company, in pumping the water from the deep-cuttings, 
which were too apt to assume the appearance of a Canal 
rather than a Railway. 

The principal structure completed in 1829, was the Com- 
pany's bridge to carry the Liverpool andWarrington turn- 
pike road over the Railway at Rainhill. The line of the 
public road at this place, crosses the Railway in an oblique 
direction, at an angle of 34 degrees, the span of the arch 
being 54 feet, while the breadth of the Railway under the 
bridge is only 30 feet It is called a Skew Bridge, in po- 
pular phraseology, and is a very fine specimen of this kind 
of building, every stone of the arch being shaped with an- 
gles and curve adapted to the position in which it is placed. 
The Winton bridge, over the public road, near Eccles, is a 
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v^ neat specimen of the same style of arch, but without 
the massive grandeur of the bridge at Rainhill. 

In the present year, one road-way was laid along the 
whole extent of Chat Moss, and the Rocket Steam Engine^ 
with a carriage and Company, passed over it on the first 
day of 1830. The practicability of carrying the Railway 
over this Moss was seriously questioned in the House of 
Commons, and was honestly doubted by numbers who 
were acquainted with the soft and pulpy state of this huge 
bog — ^in some places 30 to 35 feet deep — ^and so fluid, that 
an iron rod would sink through the Moss by its own gra- 
vity. The Railway indeed, for the most part, floats on the 
surface, its compactness and buoyancy in the most fluid 
places being assisted by hurdles of brushwood and heather, 
laid under the wood sleepers which support the rails. The 
portion of the Moss which presented the most difficulty in 
its completion was about half a mile on the east border, 
where an embankment of about 20 feet had to be formed 
above the natural level. The weight of this embankment 
resting on a semi-fluid base, pressed down the original sur- 
face: many thousand cubic yards gradually and silently dis- 
appeared, before the line of road made any approach to the 
proposed level. By degrees, however, the whole mass be- 
neath and on each side of this embankment became conso- 
lidated by the superincumbent and lateral pressure, and a 
little perseverance finally completed the work. 

In September, 1829, was commenced the Company's 
bridge over the Irwell, in the improved line of road autho- 
rised by the Act of that year. This was the last great 
structure on the line of Railway from Liverpool to Man- 
chester. 

In the appendix will be found a general abstract of the 

total expenditure of the Railway, showing the cost of the 

difierent branches of the undertaking. This document 

may not be without interest to those who shall hereafter 

embark in similar adventures; though it will be evident 

21 
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that no very exact rule of comparisan can be laid down^ 
whereby to estimate the cost of different Railways; for not 
only have the wages of labour and the expense of materials 
to be taken into the account, but especially^ the time and 
circumstances under which the work has to be accomplished 
— whether, notwithstanding unfavourable seasons, conside- 
derations of the earlier opening of the road, and more 
speedy acquisition of a profitable income, may still justify 
the prosecution of the work with unabated vigour — by 
night as well as by day — even at the increased expense 
which will thereby unavoidably be incurrred. The Liver- 
pool and Manchester Railway is a magnificent work; but 
it will be useful to keep in mind that such works cannot be 
executed except at an expenditure of no ordinary magni* 
tude. This Railway will cost above j8800,000, including 
the charge for stations and depots at each end, and machi- 
nery, engines, wagons, &c, for a carrying department 
The immense traffic between Liverpool and Manchester 
amply justifies this outlay.. But with reference to any .si- 
milar schema in extension of the Railway system, it. is de- 
sirable the projectors should impartially calculate the cost 
of the work, as well as the income it may be expected to 
produce; and especially that they should make an ample al- 
lowance beyond the first estimate of the expenditure, be- 
fore they embark in the undertaking. 
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CHAPTER in. 

DESCRIPTION OF THE RAILWAY — EXCURSION PROM LIVERPOOL 

TO MANCHESTER. 

There is so little in scenery that is interesting on the tam^ 
pike road from Liverpool to Manchester, that a fonnal de- 
scription of the way between the two towns may appear to 
be rather an unpromising undertaking. The traveller along 
the Railway, however, will speedily admit that there is little 
litniiitode between the two routes; the whole character, 
structure, and appearance of the Railway being altogether 
different from the general aspect of the turnpike road. In- 
stead of a uniform, fiat, and uninteresting country, the Hne of 
Railway is diversified continually by hill and dale, offered to 
the contemplation of the traveller in a sort of inverse present- 
ment; the passenger by this new line of route having to tra- 
verse the deepest recesses, where the natural surface of the 
ground is ibe. highest^ and being mounted on the loftiest 
rtdges and highest embankments, riding above the tops of the 
trees, and overlooking the surrounding country^ where the na** 
tural surface of the ground is the lowest^ — ^this peculiarity 
and this variety being occasioned by that essential requisite 
in a well constructed Railway — a level line-— imposing the ne- 
cessity of cutting through the high lands and embanking across 
the low ; thus, in effect, preifienting to the traveller all the va- 
riety of mountain and ravine in pleasing succession, whilst in 
reality he is moving almost on a level plane, and while the 
natural face of the country scarcely exhibits even those slight 
undulations which are necessary to relieve it from tamenesa 
and insipidity. 

To accomplish a complete survey of the Ratlwayt we 
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should commence our journey of observation at the Liverpool 
etlH, in the Company's yard, in Wapping. Here the lower 
entrance of the great Tunnel is accessible through an open 
cutting, 32 feet deep and 46 feet wide, being space for four 
lines of Railway, with pillars between the lines to support the 
beams and flooring of the Company's warehouses, which are 
thrown across this excavation, and under which the wagons 
pass to be loaded or discharged through hatchways or trap 
doors communicating with the stores above ; wagons loaded 
with coal or lime passing underneath the warehouses to Ihe 
open wharves at the Wapping end of the station. 

Proceeding along the Tunnel, the line of Railviray carves 
to flie right, or south-east, till it reaches the bottom of the 
inclined plane, which is a perfectly straight line, 1980 yarda 
in length, with a uniform rise of three-quarters of an inch to 
a yard. The Railway from Wapping to the commencement 
of the inclined plane is level ; the whole rise, therefore, from 
Wapping to the Tunnel mouth, at Eklge-hill, is 123 feet The 
Tunnel is 22 feet wide and 16 feet high, the sides being per- 
pendicular for five feet in height, surmounted by a 8emicircu-> 
lar arch of 1 1 feet radius : the total length is 2250 yards. It 
is cut through various strata of red rock, blue shale and clay, 
but principally through rock of every degree of hardness, from 
the softest sand-stone to the most compact free-stone, which 
the axe or the chisel will with difficulty penetrate. It fre- 
quently was found necessary, in the progress of the work, to 
make an artificial vault of masonry, which Jias been eflected 
by brick arch-^work in those places where the natural rock 
could not be trusted to support the superincumbent mass. 
The height from the roof of the Tunnel upwards to the open 
surface of the ground, varies from 5 feet to 70, the greatest 
mass of superstratum being in the vicinity of Hope street and 
Crabtree lane. The whole length of this vast cavern is now 
furnished with gas-lights, and- the sides and roof are white" 
washed^ to give better efiect to the illumination. The dif- 
ferent colours and peculiar appearance of the varying strata 
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through which the Tanaei paBses are thus hidden trom-vkntf 
and the attention is no longer attracted to thoae faults or slifMl 
in the solid rock, which indicate that the whole mass haUt 
been rent asunder bj one or more of those terrible conyi4" 
sions of nature, of which the traces are so frequentlj visible^ 
but of which no other record remains. The geologbt will be 
disappointed, in traversing this subterranean vault, to find the 
natural varieties converted by lime-water into one unifono 
and artificial appearance ; but the principle of utility is para^ 
mount in a commercial undertaking. 

At the upper or eastern end of the Tunnel, the traveller, 
emeiges into a spacious and noble area, 40 feet below the sur- 
face of the ground, cut out of the solid rock^ and surmounted 
on every side by walls and battlements. From this area 
there returns a small tunnel, 290 yards in length, 15 feet wide^ 
and 13 feet high, parallel with the large one, but inclining up^- 
wards in the opposite direction, and terminating in the Com- 
pany's premises in Crown street, at the upper and eastern 
boundary of Liverpool ; being the principal station for the 
Railway coaches, and the depot for coals for the supply of the 
higher districts of the town* 

Proceeding eastward firom the two Tunnels, the road passes 
dirough a Moorish archway, at present unfinished, which is 
to connect the two Engine-houses, and will form the grand 
entrance to the Liverpool stations. This structure is from a 
spirited design of Mr. Foster^s, a representation of which I 
have placed as a suitable Frontispiece to this account of the 
Railway. The traveller now finds himself on the open road 
to Manchester, and has an opportunity of contemplating the 
peculiar features of a well-constructed Railway, the line in 
this place being perfectly level ; the slight curve, which was 
unavoidable, beautifully set out ; the road-way clean, dry, and 
free firom obstructions; and the rails firmly fixed on massive 
blocks of stone. Crossing Wavertree lane, the Railway 
descends for 5i miles at the rate pf four feet in the mile,—, 
a declivity so slight and uniform as not to be perceived by 
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the eje, but bUU sufficient to give a mechanical advanti^ 
^d facilitj of motion to a load passing in that direction. The 
road a little bejond Wavertree lane is carried through a deep 
B^arle cuttii^, under several massive stone archways, throvm 
across the excavation to form the requisite communications 
between the roads and farms on the oppo«te sides of the Rail* 
way. Beyond the marie cutting is the great rock excavation 
through Olive Mounts about half a mile to the north of the 
village of Wavertree. Here the traveller passes tltfougfa a 
deep and narrow ravine, 70 feet below the surface of the 
ground, little more space being opened out than sufficient for 
two trains of carriages to pass each other; and the road winding 
gently round towards the south-east, the prospect is bounded 
by the perpendicular rock on either side, with the blue vault 
above, relieved at intervals by a bridge high over head, coo- 
necting the opposite precipices. The sides of the rock ex* 
hibit already the green surface of vegetation, and present al* 
together far more of the picturesque in their appearance than 
might be expected from so recent an excavation. At slight, 
when the natural gloom of the place is farther deepened, the 
scene from the bridges above will readily be imagined to be 
novel and striking. The light of the moon illuminating about 
half the depth, and casting a darker shade on the area below 
— ^the general silence interrupted at intervals by a noise like 
distant thunder — presently a train of carriages led on by an 
I Engine of fire and steam, with her lamps like two furnaces^ 

throwing their light onward in dazzling signal of their ap- 
\ proach — with the strength and speed of a war-horse the En* 

'^ gine moves forward with its glorious cavalcade of merchandise 

''■ from all countries and passengers of all nations. But the 

/ spectacle is transient as striking ; in a moment the pageant is 

gone — the meteor is passed, the flaring of the lamps is only 
seen in the distance, and the observer, looking down from the 
battlement above, perceives that all again is still, and dark and 
solitary. 
Emerging from the Olive Mount cutting, you approach the 
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great Rohj embankment, formed of the mater tab dug oat of 
the excavation we have described. This embankment 
stretches across the valley for about two miles, varying in 
height from 15 to 45 feet, and in breadth at the base from 60 
to 3 35 feet. Here the traveller finds himself affected by sen- 
fiatiens the very reverse^ of what he felt a few minates before. 
Mounted above the tops of the trees, he looks around him 
over a wide expanse of country, in the full enjoyment of the 
iresh breeze, from whatever quarter it may blow. 

This vast embankment strikingly exhibits how much may 
be accomplished when our efforts are concentrated on one 
grand object. There Js a feeling of satisfaction by no means 
cofmnon-place, in thus overcoming obstacles and surmounting 
difficulties, in making ftie high places low and the rough places 
plain, and advancing in one straight and direct course to the 
end in view; while the pleasure afforded by the contemplation 
of this great work is farther enhanced, when considered in 
contrast with ordinary and every-day impressions. 

After passing the Roby embankment, you cross the Huy- 
ton turnpike road, leaving Huyton Church and village on 
the left handy and proceed in a slightly curved direction to 
the bottom of the inclined plane at Whiston, between seven 
and eight miles from the, Company^s station in Liverpool. 
This plane rises in the ratio of three»eighths of an inch in 
a yard, or 1 in 96. It is a mile and a half long in one atraight 
linoy and the inclination (being so slight) would scarcely at- 
tract observation, did not a decrease in the speed of the 
earriagea indicate that an important change had taken place 
in the level of the way. At the top of the Whiston in- 
clined plane there is a portion of the road (nearly two miles 
in length) on the exact level. About half a mile from the 
top of the inclined plane, the turnpike road from Liverpool 
to Manchester crosses the line of the Railway at an acute 
angle of 34 degrees, and is carried over the Railway by a 
substantial stone bridge, of very curious and beautiful con- 
struction, being built on the diagonal or skew principle, 
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each stone being cut to a particular angle to fit int9 a parti- 
cular place, the span of the arch, measured at the face, being 
S4 feet, while the width of the Railway underneath, mea- 
Bured from wall to wall, is only 30 feet, — each face of the 
arch extending diagonally 45 feet beyond the square. Rain- 
hill bridge is nine miles from the Company's yard in Wap- 
ping, and it was underneath and on each side of this bridge 
that the experiments took place with the Locomotive En- 
gines which contended for the premium of £500 in October, 
1829. 

Passing over the summit level at Rainhill, we come to 
the Sutton inclined plane, which descends in the opposite 
direction, and is similar in extent and inclination to the 
Whiston plane, the top level being 80 feet above the base 
of each plane. Par Moss is the next object of attention, 
the road-way across the principal part of it being formed 
by the deposite of heavy material (clay and stone) dug out 
of the Sutton inclined plane. This Moss is about 20 feet 
deep, and the material forming the Railway, as it was de- 
posited, sank to the bottom,^and now forms an embank- 
ment in reality 26 feet high, though only four or five feet 
appears above the surface of the Moss. The borders of 
this waste are in a state of increasing cultivation, and the 
carrying of the Railway across this Moss will hasten the 
enclosure of the whole area. 

Leaving Par Moss, we soon approach the great valley 
of the Sankey (about half way between Liverpool and 
Manchester, with its Canal at the bottom, and its fiats or 
barges in full sail passing to and fro, between the River 
Mersey, near Warrington, and the great Coal districts near 
St. Helen's. Over this valley and Canal, and over the top- 
masts and high peaks of the barges, the Railway is carried 
along a magnificent viaduct of nine arches, each 50 feet 
span, built principally of brick, with stone facings, the 
height from the top of the parapets to the water in the Ca- 
nal being 70 feet, and the width of the Railway between 
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the parapets 25 feet The approach to this great structure 
is along a stupendous embankment, formed principally of 
clay, dug out from the high lands on the borders of the 
valley. Looking over the battlements, there is a fine view 
down the valley to the south — Winwick spire rising in the 
distance, and below you, the little stream of the Sankey 
running parallel with the Canal; while the masts and sails 
of the vessels, seen at intervals in the landscape where the 
Canal is no longer visible, present a vivid specimen of in- 
land navigation. Immediately below you, the barges, as 
they approach the bridge, escape from view for a few mi- 
nutes, till, having sailed under your feet, they become again 
visible on the opposite side of the viaduct. 

On leaving the Sankey, we speedily approach the town 
of Newton, or rather the borough; for this ancient and 
loyal place sends two representatives to Parliament, under 
the auspices of Colonel Legh, M. P. A few hundred 
yards to the south of the town, the Railway crosses a nar- 
row valley by a short but lofty embankment, and a hand- 
some bridge of four arches, each 40 feet span. Under the 
eastern arch the turnpike road passes from Newton to War- 
rington, and beneath another arch flows a stream which 
turns an old corn mill, immediately below the bridge. Ad- 
jacent also, is situate one of those antique mansions, built 
in the ancient baronial style, whose white exterior, with 
black oak crossings, and pointed gables, harmonizes well 
with the rude scenery around. 

A few miles beyond Newton is the great Kenyon exca- 
vation, from which about 800,000 cubic yards of clay and 
sand have been dug out, part being carried to form the line 
of embankment to the east and west of the cutting, and 
the remainder, deposited as spoil banks, may be seen 
heaped up, like Pelion upon Ossa, towering over the adja- 
cent landw Near the end of this cutting, the Kenyon and 
Leigh Junction Railway joins the Liverpool and Manches. 

ter line by two branches, pointing to the two towns respec- 

22 
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tively. This Railway joins tlie Bolton and Leigh linei 
and thus forms the connecting link between Bolton^ Liver- 
pool, and Manchester. From the Kenyon excavation the 
transition is easy to the Brosely embankment, formed of 
the material dug out of the cutting, as before described. 
Moving onward, we pass over Bury lane and the small Ri- 
ver Gless,. or Glazebrook, being arrived on the borders, of 
the far-famed Chat Moss. This barren waste comprises aa 
area of about twelve square. miles, varying in depth from 
10 to 35 feet, the whole mass being of so spongy and soft 
a texture that cattle cannot walk over it. The bottom is 
composed of clay and sand, and it is not an uninteresting^ 
if not a very profitable speculation, to carry our ideas back 
to that remote period when the sea flowed over the basin 
of this huge fungus. There are they who profess, by ex- 
amining the vegetable fibre of the Moss, to calculate its 
age; as the fortune-teller will cast your nativity by the fur- 
rows in your hand. No doubt this mass of vegetable mat- 
ter is still increasing. The flower and the leaf of the hea- 
ther still bud, grow to maturity, and fall; and the process 
of decomposition amalgamates the new and the old fibre; 
but what is thus deposited has been previously extracted 
from the Moss, save what has been supplied from the hy- 
drogen and other gases absorbed and combined in this great 
laboratory. At a very moderate calculation. Chat Moss 
comprises sixty millions of tons of vegetable matter; and 
we shall leave to philosophers to calculate in how many 
centuries this weight could be drawn from the clouds and 
the air. Northward of the Moss, in the distance, is Tild- 
sley Church, one of the modern Parliamentary edifices; 
and, as we approach the eastern boundary, conspicuous on a 
gentle eminence to. the left, is Worsley Hall, the seat of 
R. H. Bradshaw, Esq, M. P. so well known as Trustee for 
the management of the Duke of Bridgewater's Canal, 

Beyond Chat Moss we traverse the Barton embankment, 
erossiag the low lands for about a mile between the Moss 
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and the Worsley Canal, over which the Railway is carried 
by a neat stone bridge. At this spot it is evident you are 
approaching a manufacturing district. On the banks of the 
Canal a great cotton factory rears its tall sides, with its hun- 
dred windows, and the fly-wheel of its steam-engine pursu- 
ing its continuous and uniform revolutions, as if symbolical 
of that eternal round of labour and care, of abundant toil 
and scanty remuneration, of strained exertion and insufS- 
eient repose, which, through day and night, through seed 
time and harvest, through years of civilization and ages of 
barbarism, have been the condition and tenure on which the 
existence of so large a portion of mankind has depended. 

From the Barton embankment we soon arrive at Eccles, 
four miles from Manchester, leaving to the right the vicar- 
age and parish church of that village. Between this place 
and Manchester the Railway passes at no great distance from 
several country seats and villas, whose rich lawns and flou- 
rishing plantations afibrd an agreeable variety, after the 
great sand hills at Kenyon, or the wide waste of Chat Moss. 

The immediate approach to Manchester, by the Railway, 
is through a portion of Salford, as little interesting as can 
well be imagined. Over the River Irwell the Railway is 
carried by a very handsome stone bridge, and then over a 
series of arches, into the Company's station in Water street 
and Liverpool road, Manchester j from which the traveller 
whose object is pleasure rather than business, will probably 
make his way, without loss of time, to the more genial at- 
tractions of the Albion Hotel, or New Bridgewater Arms. 
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CHAPTER IV. 

MECHANICAL PRINCIPLES AND PROPEaTIES, AS APPLICABLE 

TO RAILWAYS. 

The mosc obvious mechanical advantage which a Rail- 
way possesses over a common turnpike road, is to be found 
in its superior hardness and smoothness of surface. This 
comparative advantage, it is evident, can be measured by 
no fixed standard; though it is common to estimate it iathe 
proportion of seven to one. It should constantly be borne 
in mind, however, that this ratio of superiority in favour of 
a Railway can only exist on an exact level. Let there he 
a very moderate ascent— such as on an ordinary road 
would scarcely attract observation — one foot in fifty for in- 
stance, and the effect of a horse on a Railway is at once re- 
duced to about one-fifth of its efiect on a horizontal plane; 
and on arriving at such an inclination, with a load calcu- 
lated for a levels the horse would be unable to move a single 
yard with the utmost exertion of its strength; while on a 
common road, undulation such as I have stated are of ordi- 
nary occurrence — a horse being able to exert a sufficient- 
ly increased power as he ascends the eminence, and re- 
lieving himself as he descends on the opposite side. But 
let it not be imagined that the absolute resistance occasioned 
by a certain inclination, is more on a Railway than on a 
turnpike road: it is precisely the same, and this peculiarity 
in the comparative result may be easily explained. The 
resistance on a Railway to the progress of the carriage 
wheels (sometimes, called the rolling friction) being only 
about one-seventh what it is on common roads, the ordina- 
ry load on a level Railway is seven times as great as the 
load on a turnpike road. Con^sequently, when the force of 
gravity is brought into operation by an ascending plane. 
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this opposing force (of gravity) being proportioned to tbe 
loadf will be seven times as great as on a turnpike road. 

Most of the Railways hitherto constructed have had an 
inclination daumwardsj being for the conveyance of coal 
from the pits to the river side. For purposes of general 
traffic, however, and where there is any thing like an equa- 
lity of tonnage passing in both directions, it cannot be too 
constantly kept in view, that to render the moving power 
uniformly effective, and to maintain for the Railway its full 
comparative advantage over the common roads, it must, as 
far as practicable, be leveL In the Liverpool«and Manches- 
ter line, this object has been in a great measure attained, as 
will appear from the annexed section. From the top of the 
Liverpool Tunnel to Manchester, with the exception of two 
inclined planes at Rainhill (one ascending and the other de- 
scending at an inclination of 1 in 96, and where some as- 
sistant power must be used,) there is no greater inclination 
thaki in the ratio of about 1 in 880; and since the advantage 
on the descending side will nearly counterbalance the disad- 
vantage in ascending so gradual a slope, the Railway may be 
regarded, for practical purposes, as nearly horizontal. 

A level line being attained, it is scarcely of less importance 
that the Railway should be straightj or at least free from 
any abrupt curves. As carriages are kept on the rail by 
flanges on the wheels, it is obvious that where the curves 
are quick, the friction on the sides of the rails, and conse- 
quent retardation, must be very great. This is a point which, 
till lately, has not been sufficiently attended to. In the Li- 
verpool and Manchester Railway, the curves seldom exceed 
a deviation from a straight line of more than 4 inches in 
22 yards; forming a segment of a circle, which, if extend- 
ed, would embrace a circumference of fifteen miles. The 
setting out of the curves on the ground is a work requiring 
considerable skill and exactness, and the manner in which 
this is performed affects the real efficiency of the Railway no 
less than it does the style and beauty of its appearance. 

The material of which the rails were to be composed, 
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whether of cast or forged iron, was a matter of some impor- 
tance* Eaeh description of rail has its advocates; but after 
due consideration, and inquiry into their respective merits, 
the Directors determined to adopt the forged or rolled iron 
rail, in lengths of five yards each, made after Mr. Birkin- 
ahaw's pattern, as described in Mr. Nicholas Wood's excel- 
lent book on Railways. A similar rail is used on the Dar- 
lington way, but somewhat lighter; the Darlington rail 
weighing 28 lbs., and the Liverpool and Manchester, 
35 IbJB. per lineal yard. The rails are supported every three 
feet on stone t^Jlocks, each block containing nearly four cubic 
feet of stone. Two holes, six inches deep and an inch in 
diameter, are drilled in each block, and into these are driven 
oak plugs; and the cast-iron chairs or pedestals, to which 
the rail is immediately fitted and fastened, are firmly spiked 
down to the oak plugs; forming, altogether, a construction 
of great solidity and strength. On the embankments^ where 
the foundation may be expected to subside, the rails are laid 
on oak sleepers. 

But supposing the Railway to be completed, of the mpst 
improved construction and the best material, the kind of 
carriage to be used, and the power to be employed, afford 
scope for ample di'scussiAn and the most conflicting opinions; 
for ao new, or so little understood, it would seem, is the ap- 
plication of mechanical principles to a Railway, that as 
much difficulty presented itself to the Directors, in their 
endeavours to come to a conclusion on these points, as if the 
matter at issue involved a question of law or metaphysics. 
On the first announcement of a projected Railway, on a com- 
plete scale, from Liverpool to Manchester, the ingenuity 
of speculative mechanics anticipated the most astonishing 
results to be obtained from the most undeniable and ac- 
knowledged principles. It was understood to have been 
previously ascertained by Coulomb and Professor Vince, 
ihzt friction (as applicable to carriages) was the same at all 
velocities. It seemed to follow, that on a level Railway; 
where friction constituted the tohole resistance, the inert 
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mass being once put in motion, it would be as easy to tra- 
vel twenty miles per hour, as five. The fallacy of this idea 
arises in a good measure from a misconception of the ope- 
ration of the principle alluded to — ^that the friction is the 
s^me at all velocities-^from which it appears to have been 
inferred, that if ypu provide a power sufficient to overcome 
the friction at a very slow speed, and call that power one^ 
and then apply an additional power to augment the speed 
ten fold, you may at pleasure relinquish this additional 
power, and continue to move at the ten fold speed with 
the power one. The truth is, however, that for every 
ratio of increased speed you must exert increased powevy 
and must oontinvfi to use it. On a level Railway, friction 
constitutes the whole resistance; and if it require a certain 
power to overcome such resistance at two miles per hour, /^jtu^'^i^^*^ 
it will require ten times that power to overcome the resis- \ ■■ 

tance at twenty miles per hour, and it will require the in- y^ C^itiCtk.. 
creased power to be continued as long as the speed is in- 
tended to be kept up. If to convey a certain load at the 
rate of five miles per hour requires a Locomotive Steam 
Engine with a boiler and pistons of a certain given area, 
then to move the same load at the rate of fifteen miles per 
hour, the boiler and cylinders (if there be no improvement 
in the construction) must be three times the area. In this 
latter case, therefore, there will be three times ih^ steam (or 
power) expended per hour^ but the Journey will be effected 
in one-ihird the time: the whole expenditure of steam (or 
power,) therefore, in overcoming the friction will be near- 
ly the jBame, whether the journey be performed at a slow 
or a quick speed. We will suppose, for illustration, that a 
weight has to be raised^ instead of friction to be overcome^ 
the same principle will hold good. If it require a certain 
power to raise a ton weight one hundred feet high in ten 
minutes, it will require ten times the power to raise it the 
same height in one minute — ^that is, at ten times the speed; a , J. 
yet a ton is a ton at all velocities, exactly ^9 friction is the ^-'^^ 
same, whatever the q^eed. 
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There is another error on the subject of friction, to which 
it nay be as well briefly to advert. Mr. Rankin, in bis pub- 
lication on Railways,* lays it down as a principle, that " the 
friction of wheel carriages is equal in equal times;" and in 
proof of this position, details several experiments with a car- 
riage drawn by a weight descending from a pulley, which 
weight, he found, fell according to the ascertained law of gravi- 
ty, accelerating in the known ratio, in equal portions of time. 
It appears to me that the result, as stated, proves that friction 
is equal in equal spaces^ and not in equal times, Mr. 
Rankin does not give either the moving weights, the load 
drawn, or the velocity, as not being necessary to determine 
the principle. I will suppose a case, therefore, to illustrate 
my position. A weight,, by the law of gravity, will fall — 

16 feet in the 1st second of time, 

48 feet in the 2d second of tinae, 

80 feet in the 3d second of time. 

Now the same weight, with the load or carriage attached 

to it by means of a rope and pulley, we will suppose to 

fall— 

5 feet in the 1st second of time, 

15 feet in the 2d second of time, 
25 feet in the 3d second of time. 
Accelerating as before, aqcording to the law of gravity. 
Thus we have a descent, in equal times, of 5, 15, 25, in- 
stead of 16, 48, 80. That is, the frietion of the carriage 
caused the weight to fall in the first second only 5 ket in- 
stead of 16, being a retarding force of 11. In the second 
period the fall was 15 instead of 48, being a retarding force 
of 33, or in the proportion of 15 to 5. In the third second 
of time the fall was 25 feet instead of 80 — ^being a retarding 
force of 55 — ^being as 25 to 5, or exactly in proportion to . 
the spaces passed over, and not at all according to the times; 
in perfect conformity, however, with the law of gravity. In 
Mr. Rankings experiment the friction was a uniformly retard- 

• A Popular Expoation of the Effect of Forces on a Railway, with some 
Experiments on Friction. By David Rankin, Esq. Glasgow, 1828. 
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ifig force, which we have supposed to be 11 out of 16; but 
whether it were 11 or 3 in the first 16 feet, it would be the 
same in every IQfeet: the friction, therefore, by the experi- 
ment was equal in equal spaces. On the other hand, sup- 
posing the friction to be equal in equal timeSj a power which 
would move a carriage six miles in one hour, would encoun- 
ter only one-fourth the friction in traversing the same six 
miles in one-quarter of an hour, which would be very con- 
venient, if it were the fact But experiment corroborates 
the doctrine^, that the same resistance has to be overcome; 
and therefore the same power must be expended^ in tra- 
versing a certain space, whatever be the time — whether you 
take one hour or three to accomplish it 

Of course, in laying down this general rule as an ap- 
proximation to the truth, we suppose a perfect Railway. 
If the road present considerable inequalities or obstructions, 
the greater the speed, the greater will be the resistance, 
from the shocks to be encountered. Moreover, at great 
velocities the resistance of the air must not be left out of 
the calculation. At ten miles per hour it has been found, by 
experiment, that the resistance of, the atmosphere is about 
half a pound weight on a square foot of flat surface; at fifteen 
miles the resistance is 1 lb. per square foot; and at twenty 
miles about 2 lbs. per square foot; the increased resistance 
being nearly as the squares of the velocities. Now if we 
suppose the moving power calculated to draw, at twenty 
miles per hour, one carriage weighing 4 tons, and present- 
ing in front a surface of 20 square feet, the resistance of 
the air would be 20x2«40 lbs., or 10 lbs. per ton, drawn; 
being about as much as the friction, and consequent- 
ly doubling the whole resistance. In jjractice, it will 
probably be expedient to fasten a train of carriages to 
one moving power, in which case the first wagon, or 
the Engine itself, will bear the brunt of theair^s resistance; 
which, considered in proportion to tb^ whole weight 
drawn, and avoiding, as far as may be, square flat surfaces 
in front of the procession, will be less important. On the 

23 
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other hftnd, it seems probable that a farther modifieatlofi 
must be admitted at very high speeds; for we can easily 
imagine a velocity, where the prqfectile force must be so 
great as very much to diminish the gravitt/, and conse- 
quently the friction. But again, as we are acquainted with 
no convenient power but steam, with which to effect rapid 
motion — and since steam loses part of its force from a very 
quick transmission through the cylinders — or since, if you 
keep the velocity of your piston moderate, you must in- 
crease your speed by a complication of wheels, or a diminu- 
tion of your cranks, in which case the loss by the friction 
of the rubbing parts would be greater than by the quick 
movement of the pistons, any gain by the diminution of 
gravity at high velocities, will be more than counterbalanced 
by the mechanical disadvantages we have stated; bringing 
out the practical result, within a certain range for weight 
and speed, pretty nearly in conformity with the rule as 
above laid down — subject, however, to exceptions and ir- 
regularities, tending to prove, that when the construction 
of an Engine is adapted to a quick speed and a light load, 
you cannot, with proportionate advantage, substitute a heavy 
load and a slow speed; while it would be equally unavail- 
ing, with an Engine calculated for a heavy load and a slow 
pace^ to attempt to substitute a light load and a high speed. 

But without dwelling any longer on the difiSculty of re- 
ducing, with minute exactness, abstract principles to prac- 
tical operation, it will easily be imagined that the consi- 
deration of the kind of power to be employed on the Rail- 
way occupied no small portion of the Directors' time and! 
attention: whether horses— or Locomotive Engines^— or 
l^ixed Engines, drawing the load, by means of ropes, from 
one station to another. Each of these modes had been 
tried, and each had its advocates, for in this case experience 
had by no means settled the point at issue. 

Multifarious were the schemes proposed to the Directors 
for facilitating Locomotion. Communications were re- 
ceived from all classes of persons, each recommending an 
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improved power or an iroproved carriage; from profesisors 
0f philosophy^ down to the humblest mechanic, aJl were zear 
loujsin their proffers of assistance; England, America,and Cono 
tinental Europe were alike tributary. Every element and 
almost every substance were brou^t into requisjtioD^ and 
made subservient to the great work. The friction of the car- 
jriages was to be reduced so low that a silk thread would draw 
them^ and the power to be applied wajs to be so vast as to rend 
a cable asunder. Hydrogen gas and high-pressure «team — 
columns of water and columns of mercury — a hundred at- 
jnospheres and a perfect vacuum— <4nachinefl working in a 
eircle without fire or steam, generating power at one enil 
of the process and giving it out at the other^-^ca^riagea 
that conveyed, every one its own Railway— wheels with- 
in wheelsj to mtiltiply speed without diminiahing power — 
with every complication of balancing and countervailing 
forces^ ip the ne plus ultra of perpetual motion. Every 
acheme which the restless ingenuity or prolific imaginatioQ 
of man could deviae was liberally ofiered to the Company;: 
the difficulty waa to choose and to decide. 

The great theatre of practical operations on Railways 
was on the Stockton and Darlington line; and on the Rail- 
ways in the vicinity of Newcastle-on-Tyne. All the esta- 
blished modes of conveying carriages on Railways were 
there exemplified— Horses, Locomotives, and Fixed En- 
gines. Facts were wanted to lead to a correct decision^ 
and personal observation aeemed necessary, in order to ar- 
rive at a satisfactory result The Directors accordingly ap- 
pointed two of their own body, accompanied by the writer^ 
to proceed to Darlington and the neighbourhood of Newcas- 
de, to obtain on the spot, the requisite information, and to 
report the same to the Board, with their opinion on the 
aubject. This journey of inspection took place in the be- 
ginning of October, 1838, and the Deputation returned with 
a fund of information; but of so mixed, and ia some respects 
of so contradictory a nature, that the great question as to 
the eomparative merits of .Locomotive and Fixed Engines 



180 

was as far from being setSed as ever. One step was gain- 
ed. The Deputation was convinced, that for the immense 
traffic to be anticipated on the Liverpool and Manchester 
line, horses were out of the question. The debateable ground 
being thus narrowed, how was the remaining point to be 
decided ? Was a capital of £100,000 to be invested in 
Stationary Engines or in Locomotives? The Directors re- 
solved to obtain the assistance of two professional Engi- 
neers, who should visit the Darlington and Newcastle Rail- 
ways, carefully examine the working of the two species of 
mechanical power, taking note of the advantages and dis- 
advantages of each, make an accurate calculation of the 
cost of both modes of conveyance, and report to the Board 
fully on the whole subject 

James Walker, Esq. of Limebouse, and J. U. Rastrick, 
Esq. of Stourbridge, being severally applied to for the pur- 
pose, undertook the office assigned to them. On the 12th of 
Januaiy, 1829, they attended at the Board of Direction in 
Liverpool, previous to their setting out on their professional 
tour. On the 9th of the following March, their separate 
Reports on the comparative merits of the two systems of 
moving power, were laid before the Directors, and ordered 
to be* printed. 

It may be supposed that the great question was now finally 
set at rest, and that the Directors would have no farther diffi- 
culty in coming to a decision on the points at issue. Just the 
reverse. The advantages and disadvantages of each system, 
as &r as deduced from their own immediate observation, were 
fully and fairly stated, and, in the opinion of the Engineers 
theinselves, were pretty equally balanced. The cost of an 
establishment of Fixed Engines between Liverpool and Man- 
chester, they were of opinion, would be something greater 
tban of Locomotives, to do the same work ; but the annual 
charge^ including interest on capital, they computed would 
be less on a syitem of Fixed Engines than with Locomotives. 
The cost of moving a ton of goods thirty miles, that is from 
Liverpool to Manchester, by fixed Engines, they estimated 
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at 6.40d., and by Locomotives at 8.36d., supposing in each 
case a profitable traffic both ways. But with a system of 
Locomotives, the cost of the first establishment need only be 
proportioned to the demands of the trade ; while with Sta- 
tionary Engines, an outlay for a complete establishment 
would be required in the first instance. And it was farther 
to be. considered,' that there appeared more ground for ex- 
pecting improvements in the construction and working of 
Locomotives than of Stationary Engines. On the whole, 
however, and looking especially at the computed annual 
charge of working the road on the two systems on a large 
scale, Messrs. Walker and Rastrick were of opinion that 
Fixed Engines were preferable, and accordingly recom- 
mended their adoption to the Directors. 

On a careful consideration of the real state of the case at 
this moment, it will not be matter of surprise that the Direct- 
ors still felt themselves unable to come to a decision on the 
subject; more especially when it is remembered that Mr. Ste- 
phenson, the Company's Engineer, was decidedly, as he had 
uniformly been, in favour of Locomotive Engines, which he 
was confident would be found to be the most economical and 
by far the most convenient moving power that could be em- 
ployed. On the whole, therefore, the Directors found them- 
selves in pretty much the same situation as they were before 
the recent survey was undertaken. The leaning on the part 
of a majority of the Directors was in favour of Locomotives, 
provided they could be constructed of adequate power and 
at a less weight than the travelling Engines then in use, which 
were generally 8 to 9 tons in weight, and some still heavier ; 
flie consequence of which was no small injury to the Rail- 
ways, and proportionate expense in keeping the road in re- 
pair. And farther, it was quite essential, according to the 
jHTOvisions of the Railway Act, that they should not smoke. 
The Directors determined to obtain, if possible, a Locomo- 
tive Engine of improved construction, that should comply 
with these conditions. Mr. Harrison had for some time been 
of opinion, that the excitement of a reward, publicly oflFered 
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bjr die Company^ would be the most likely means to obtain 
for Uiem what they were in* fiearch of. In this opinion his 
brother DirectorB now. coincided; and accordingly they re- 
solTed, on the 20tfa of April, 1829, to ofier a premium of £5O0 
for the most improved Locomotive £ngine, subject to certaia 
0tipulationfi and conditions. [Seepages 103, 104.] 

Meanwhilei all measures relative to the moving power 
were suspended, till the result of the trials of the specimen 
Eagines should be ascertained. On the 6th of October^ 
which was the day subsequently fixed for the trials, four 
lioeomoiive Steam Engines were on the ground appointed 
at Ratnhill, a level portion of the Railway, about nine 
Allies from Liverpool. That the Directors might come 
to the most correct decision on the merits of the different 
machines produced, they had engaged the professional as- 
tfistanee of Mr. Rastrick, of Stourbridge, and Mr« Nicho- 
las Wood, of Killingworth, both En^neers of great praeti-- 
eal knowledge; aided by the co-operation of John Kenne- 
dy, Esq. of Manchester, who kindly complied with the re- 
quest of the Directors, that he would be one of the Judges, 
on the occasion. 

The Steam Engines which were entered on the lists to 
contend for the premium, were the ^* Novelty,'* a beauti- 
ful machine, of a new construction, built by Messrs. firaith- 
waiteand Ericsson, of London; the << Rocket, '* built hy 
Messrs. Robt. Stephenson and Co. of Newcastle, with a 
boiler of a new construction, suggested by the writer of 
this account; the "Sans Pareil," built by Mr. Timothy 
Hackworth, of Darlington; and the ** Perseverance,'* by 
Mr. Burstall, of Leith. 

The peculiarity of the exhibition, on the several days of 
trial, attracted a large concourse of spectators; and the un- 
exampled speed of the " Novelty'^ and the " Rocket" 
excited universal surprise and admiration. The trial of 
these Engines, indeed, may be regarded as constituting a 
new epoch in the progress of mechanical science, as rela- 
ting to locomotion. The most sanguine advocates of tra« 
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yelling Engines had not anticipated a speed of more than 
ten to twelve miles per hour. It was altogether a new 
spectaele, to behold a carriage crowded with company, at* 
tached to a self^moying machine, and whirled along at the 
speed of thirty miles per hour. The contest for the pre* 
mium was principally between the ''Novelty^' and the 
'' Rocket.^' This latter Engine was the first to undertake 
the task assigned by the Judges, as a test of the Engine's 
power. The distance appointed to be run was seventy 
miles; and it was a condition, that when fairly started, tbe 
Engine should travel on the road at a speed of not less than 
ten miles per hour, drawing after it a gross weight of 3 
tons for every ton weight of itself* The prescribed di#* 
tance it should be understood was, owing to the circum- 
stances of the Railway, obliged to be accomplished by 
moving backwards and forwards, on a level plane of one 
mile and three quarters in length. Of course, the Engine 
had to pass along the plane forty times, having to make as 
many stops, and each time to regain the lost speed and mo* 
mentum. On the 8th of October, the *^ Rocket,^' weigh* 
ing 4 tons 5 cwt. including the water in the boiler, started 
on her journey at about half-past ten in the morning, and 
performed the first thirty-five miles in three hours and 
twelve minutes, being nearly at the rate of eleven miles an 
hour. About a quarter of an hour was then consumed in 
filling the water tank and obtaining a fresh supply of cokfe. 
The second thirty-five miles were performed in two hours 
and fifty*6even minutes, or at the rate of twelve miles per 
hour, including stoppages. The whole time, from the first 
starting to the final arrival, was under six hours and a half. 
The speed over the ground, with the prescribed load, was 
frequently eighteen miles per hour, and occasionally up- 
wards of twenty. The whole performance was considera- 
bly greater than required by the stipulations, or than had 
hitherto been accomplished by a Locomotive Engine. 

The ^^ Novelty" was the next Engine which undertook 
the appointed task; but owing to some derangement having 



184 

occurred in her pipes or machinery^ she was obliged to stop 
at the commencement of the task assigned. Another day 
was appointed; and another derangement took place. It 
became evident, therefore, she was not in a state of com- 
pleteness to warrant the Proprietors in prolonging the con- 
test. Accordingly, they informed the Judges that they 
withdrew from the competition on the present occasion; 
having; nevertheless, full confidence in the merits and prin- 
ciple of the Engine, and in its relative performance, when 
they should have repaired the defects in the structure or 
workmanship of the machine. 

The Darlington Engine, the ^^ Sans Pareil,'' was the next 
on the list; but being 5 cwt above the weight prescribed 
in the conditions, it may not be necessary to discuss her 
merits in other respects. Mr. Burstall, after considera- 
tion, withdrew from the contest, leaving the field to the 
** Rocket" The report of the Judges corresponded with 
the above statement, and the Directors accordingly awarded 
the premium to the writer of this account and the Messra 
Stephensons, to whose excellent construction of the ma- 
chinery I was much indebted for the favourable award o{ 
the Umpires. 

From this date, the question between Locomotive and 
Fixed Engines must be considered as practically settled. 
The fitness of Locomotives for the purposes of trai)ellingy 
af almost any speed that could be desired, was strikingly 
exemplified; and the importance of this circumstance was 
diily estimated; the conveyance of passengers between Li- 
verpool and Manchester having long been considered a va- 
luable branch of the undertaking. There still remained 
one point to be settled — I allude to the kind of power to 
be employed in ascending the inclined planes of Whiston 
and Sutton. These planes are each a mile and a half long; 
with an inclination of three-eighths of an inch to a yard, 
being a rise of 1 in 96. Stationary Engines on the sum- 
mit, with ropes passing over sheaves or pulleys along the 
whole ascent, are the means resorted to at the incliaed 
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plane ia tbe Liverpool Tunnel; also on the Darlington, ia* 
dined planes, and at the collieries in the north. It was 
quite evident) however, that such a plan of operations in 
the centre of the Liverpool and Manchester line, with the 
interruption to be expected from a change of the moving 
power, to say nothing of the danger always to be appre- 
hended from a system of ropes and pulleys, was to be avoid- 
ed, if possible. It became an object, therefore, of no small 
interest to ascertain the power of the new Locomotives on 
the planes in question; and, in the first place, as the effec- 
tive power of the Engine is necessarily limited by the ad- 
hesion of the wheels on the rails (in as much as if a force 
be exerted beyond that point, the wheels will turn round, 
while the carriage lyill remain stationary,) it was impor- 
tant to know whether this difficulty was likely to occur on 
the planes in question. It has been ascertained that the 
adhesion of the Engine wheels ^s now constructed with 
wrought-iron tires) on wrought-iron rails is equal to ^V^h 
of the weight of the machine, in the most unfavourable 
stajte of the rails. If the Engine weigh 4\ tons, the adhe- 
sion on the four wheels would be ^Vth of that weight, or 
about 500 lbs.; or supposing — which is frequently the case^— 
that tbe machinery is only connected with two wheels, 
then, if the weight be equally divided, the adhesion will 
be == 250 lbs.; which, multiplied by 200 {i\iB friction being 
only ir^th of the gravity of the load,) gives 22 tons as 
the load, commensurate with the adhesion, in the most un- 
favourable state of the rails, — about 40 tons being the ad- 
hesive load in an average state of the rails. Now these be- 
ing the data, an inclined plane rising one yard in a hun- 
dred, will present no impediment on the ground of adhe- 
sion, provided the system be to maintain the same speed 
throughout the journey; fpr supposing, as above, that the 
adhesion of the Engine wheels on the level, be= 250 lbs., 
it will be the same on the inclined plane, minus i^th part 
(2i lbs.;) a difference so small as to occur, every day, in the 
varying states of the rails, and quite unnecessary to be taken 
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into the cakolation. The question to be decided^ there- 
fivvy was the power of the Engine to tahe a load up the 
inclined plane, the adhesion being equal ta the power, at 
•imilar speeds. For instance, 7 tons on an inclined plane 
rising one in a hundred, is a proportionate load to 30 tons 
ea a kvel, at fifteen miles per hour, the weight of the £n* 
gine being 4^ tons, as explained hereafter. But if it be at* 
tempted to take 30 tons up the plane, by going pri^iortian- 
aUj flowery the power of the Engine might do this, but 
the adhesion of the wheels would be insufficient, and they 
would turn round, while the Engine stood still, because SO 
tons OS the inclined plane ss 99 tons on a level, and we 
have supposed the adhesion to be equal to 40 tons on a leyeL 
It follows, therefore, either that the Engine must be worked 
bdow the adhesiveness of the wheels on the levels or you 
eannot increase the proportionate load, by diminishing the 
qieed on the inclined plane. 

During the trials for the premium, at Rainhill, the 
^< Rocket" frequently ascended the Whiston inclined plane^ 
with a carriage holding twenty to thirty passengers, at a 
•peed of fifteen to eighteen miles per hour; and the ease SiuA 
regularity with which this was effected produced a general 
and confident impression, that even up the inclined planes, 
the Locomotive Engine would be the power employed. 
Indeed the feeling at the moment was very prevalent, that 
it was immaterial whether the Engine travelled up an in- 
clined plane, or. on a level; and various schemes were speed- 
ily in agitation for converting turnpike roads into Railways, 
regardless of the ordinary inequalities of the ground. Time 
and reflection will correct a notion so plausible, but yet so 
erroneous; otherwise the most grievous disappointments 
will be the consequence. Dazzled and gratified with the 
spectacle of the Engine, with her carriage and twenty pas- 
sengers, moving up the plane at a speed hitherto not attained 
by the swiftest mails, the spectator forgot, or was not aware, 
that she would have taken four carriages, each with its 
score of passengers, at the same speedy on a level; or^ in 



167 

tnote general termS) that the annual performande of a Lo^ 
comotlve Engine, On a level Railway, would be about four 
times as great as on an inclined plane, rising one yard in a 
hundred. I have said about four times; for the compara- 
tire ratio will 4epend much on the weight of the Engine, 
the speed of travelling, and the construction of the carriage 
wheels and axles. The more power you can comprise in 
the same weight of Engine, the greater will be her compd^ 
rative performance on an inclined plane; aod on the other 
hand, the greater the improvement in wheels and axles, and 
the more the friction iB diminiskedf the greater will be the 
comparative performance on a level. Mr. Nicholas Wood^ 
in his book on Railways, estimates the friction of locrded 
wagons at l-200th of the load moved; that is, that one pound 
weight, suspended over a pulley, would draw 000 lbs. on a 
level Railway. Since Mr. Wood made his estpertments, 
farther improvements have been made in the construction 
of wheels and axles; perhaps to the extent of 25 per cent, 
leaving the amount of friction on a level Railway l-250tli of 
the load moved, or 9 lbs. per ton. This ratio, however, al- 
lows nothing for the resistance of the air: it supposes both 
wagons and Railway in very complete order, and the line 
an absolute and undeviating level. Moreover, experiments 
on the friction of wagons hav« generally been made on 
single wagons; and there is reason to believe, that the re- 
sistance offered by a number of wagons festened tb each 
other is greater than the proportionate weight would indi- 
cate: and this may be accounted for by the separate car*- 
riages being out of square, wiA reference to each other, 
thereby occasioning a straining and lateral frictioo. On the 
whole, perhaps, we shall come sufficiently near the truth if 
we adopt Mr. Wood^s ratio of l-200th as the amount of re- 
sistance to a train of wagons on a level way, under ordirna- 
ry circumstances of rails and wagons, wind and weather. 
The inclination of the Whtston piaoe being 1 in 96, the 
opposing force of gravity of any load on its ascent will be 
l-96th of the whole weight moved; or if we say 1-lOOth 
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part^ the resistance by gravity will be double the Fesistance 
by friction. It will follow, then, that if a Locomotive 
Engine, weighing. 4 tons 10 cwt is exactly able to draw af- 
ter it 30 tons weight on a level, at fifteen miles per hour 
(which I estimate to be the power of an Sngine on the 
<^ Rocket^' principle, with the latest improvements^) the 
same Engine will draw only 7 tons, at the same speedy up 
an inclined plcme rising one yard in a^ hundred. This re- 
sult may be illustrated as follows: — 

The load drawn on the inclined plane is declared to 

be . • 7 tons. 

Now the additional resistance (by 
gravity) is double the resistance by 
/riction; then, as the load drawn is^ 
7 tons, the gravity of the plane 
equals the friction of ... 14 tons. 
But the Engine weighs 4 tons 10 cwt, 
and is opposed by a force of gravi- 
ty equal to the friction of double 
that weighty or 9 tons. 

Therefore 7 tons on the inclined ) SO tons on a level, at 
plane equals the draught of S 15 miles per hour. 

Or the same result may be brought out by another pro- 
cess^ as follows: — ^The gross weight proposed to be drawn 
on a level is 30 tons, at fifteen miles per hour, on which 
the friction, estimated at 7779 = 336 lbs. 
Then on an inclined of 1 in 100, the gross 

weight is declared to be seven tons, on 

which the friction, estimated at 7^, is = 7S.4 lb. 
Resistance by gravity, thfOil tons . . = 156.8 „ 
Resistance by gravity on 4i tons, the 

weight of the Engine at ^k • . • = 100.8 „ 

» 336 lbs. 
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The resistance to be overcome, in both instances, being 
3B6 lbs., at fifteen miles per hour, besides the friction of the 
Engine, which does not enter into the calculation in either 
case — ^the effective performance being what is required for 
all practical purposes. If a slower speed be submitted to, 
a heavier load may be drawn on a level, and the perform- 
ance on the inclined plane (if the adhesioq be sufEicient) will 
be found, by the same formula, to be more than proportion' 
ably greater; the resistance by gravity of the Engine be- 
ing a fixed quantity, but smaller, comparatively , as the 
load drawn is greater. Thus an Engine of the same weight 
being exactly able to draw 45 tons on a level, at ten miles 
per hour, would take 12 tons on an inclined plane at the 
same speed. 

Because the loc^d on the incline being ... 12 tons. 
The resistance by gravity is double that by fric- 

tion, or . ^4 „ 

And the resistance by gravity of the Engine be- 
ing equal to double its weight on a level • • .= 9 „ 

=45 tons 
on a level. 

I am aware that the recent performance of Locomotives, 
on our inclined planes, has been considered greater than 
in the ratio I have given: it is very possible, however, that 
the attained speed and momentum of the Engine and car- 
riages, before commencing the ascent, have not been taken 
into the account. The " Comet" Locomotive (a new En-^ 
gine, on the Rocket principle) had to ascend the Whiston 
inclined plane with about 26 tons behind her. With this 
load, she attained a speed of sixteen or eighteen miles per 
hour, on the level way, before coming to the ascent. As- 
sisted by this momentum, she accomplished the task: her 
speed, however, diminished from sixteen or eighteen miles 
to about three or four miles per hour, before she reached the 
top; the distance being one mile and a-half, and having suffi- 
cient steam the whole time. Now, it would be quite er- 
roneouS; from these data, to take the average speed between 
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tinee mtiei and eighteen^ and to infer that the power of the 
Engine was equal to convey a load of :!36 ix>n9^ up an incli- 
nation of one in 96y at ten miles and a-half per hour; her 
neal power, as shown by the experiment, and estimated in a 
continuing speed with the load as stated, being only three 
er fiHir miles, or proportionate to about seven tons up the 
same i^ne, at fifteen miles per hour. It becomes worthy 
of remark, therefore, (connected with this branch of our 
subject,) that in considering the section for a projected Rail* 
way, the length of the inclined planes should be taken into 
the account, as well as the steepness of ascent; since, on 
a plane half a mile long, it is evident much more may be ac- 
complished than on one, three or four times that length. 

The actual cost of conveyance by Railway and Loco- 
motive Engines is perhaps not yet very accurately ascer- 
tained. The necessity of using coke instead of coal, in 
order to comply with the Parliamentary restrictions as to 
smoke, will increase, in some degree, the expense of the 
Engines on the Liverpool and Manchester line."* Until the 
late trials, it was doubtful how far coke could be used at all, 
except at a very serious sacrifice of the power and efficiency 
of the Engine. By an improved construction of machine, 
this difficulty is in a great measure obviated; and the differ- 
ence in expense between coke and coal, which still subsists, 
should be cheerfully borne by Railway Companies, to relieve 
the community at large from the volumes of dense black 
smoke, with which, it is to be feared. Railways will be dis- 
figured, where there is no Parliamentary enactment, to pro- 
tect the public from so serious and unnecessary a nuisance. 

• The consumption of coke, by the cKfFerent En^nes in the ordinary busi- 
ness and working of the Railway, has yet to be determined by experience. 
Ifeflsrs. Brsdthvndte and Ericsson, the patentees of the ^'l^oveky/' have 
contracted with the Company to furnish an Engine not exceeding fire tons 
weight, which shall draw 40 tons gross from Liverpool to Manchester in 
two hours (being assisted up the inclined plane,) the consimiption of coke 
not to eKceedhalf a pound weight per ton drawn per mile. 
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CHAPTER V. 

CONSIDERATIONS — MORAL— COMMERCIAL ^ECONOMICAL. 

Bbfore concludiDg our account of the Railway, we shall 
take a single glance at the position we occupy, and the pro- 
bable changes, whether for good or evil, which may be ex- 
pected to occur (as the consec^uence of our operations,) in 
the state and circumstances of the community around. The 
first and most obvious result must needs, be a great rerolu- 
tion in the established modes of conveyance, both for mer- 
chandise and passengers, between Liverpool and Manches- 
ter; and consequently in the private interest of a large class 
of persons, who have been engaged directly or indirectly, 
in the coaching or carrying business. An undertaking like 
the Liverpool and Manchester Railway, completed at a 
cost, including it» machinery and carriages, of upwards of 
ie800,000, for a line of thirty-one miles, and professing to 
be decidedly superior to existing establishments, cannot be 
brought imperceptibly or silently into operation. But 
though a great change must take place in the application of 
capital, and the distribution of revenue, amongst large 
companies and wealthy proprietors, the effect on the whole 
with reference to the employment of the labouring classes, 
may be considered as decidedly favourable. It has frequent- 
ly been matter of regret, that in the progress of mechani- 
cal science, as applicable to trade and manufactures, the 
great stages of improvement are too often accompanied 
with severe suffering to the industrious classes of society. 
The machinery of the present day continually supersedes 
that of a few years back; and as the substitution of rnecha* 
nism for manual labour is the object generally aimed at, 
immediate privation to the labouring community seems the 
inevitable result. It has consequently been a subject of 
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speculation^ how far the rapid extension of manufactures^ 
by the instrumentality of successive improvements in ma- 
chinery, is advantageous to a country, as regards its moral 
and social condition. I recollect that, during the progress 
of the Railway Bill through Parliament, when some mem- 
bers of the Railway Committee waited on Lord Harewood, 
and urged the advantages to trade and manufactures to be 
anticipated from the facilities of communication to be afford- 
ed by the Railway, his Lordship demurred at once to our 
proposition, that any new impetus to manufactures would 
be advantageous to the country. And before this point 
can be settled, we must determine the broader and more 
general question, whether it be desirable that a nation 
should continue in the quiet enjoyment of pastoral or agri- 
cultural life, or that it should be launched into the bustle 
and excitement of commerce and manufactures. We must 
refer to the history of the world, and compare the charac- 
ters and capabilities for happiness, of different ages and 
nations. We must decide between qualities of different 
kinds and claims of opposite characters-r^between the sim- 
ple and the refined; between the passive and the active; 
between a state of society presenting fewer temptations, 
and adorned by humbler virtues, and one where, amidst 
the collision of interests and the excitements of passion, 
there is room at least for the exercise of the highest quali- 
ties, both moral and intellectual. We must determine in 
what happiness consists: whether in the cultivation and ex- 
ercise of all the active powers and faculties which belong 
to us as men, and citizens, and freemen; or whether it be 
wise to limit our ambition to more sober and tranquil en- 
joyments, to a state of society, where, if there be fewer 
pleasures, there are also fewer pains, and where, at least, 
may be realized the poet's definition of contentment — 
"Health, peace, and competence. '' Fortunately, we are 
not required to make choice between two conditions of so- 
ciety, separated, in the history of man, and in the ordina- 
ry course of events, by centuries of gradual and impercep- 
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tible transition. It must be admitted that the golden age 
is past, and it is to be feared the iron ^ge has succeeded; 
that, with reference to many of us, our lines are fallen 
amidst eternal rivalries and jealousies — agricultural, manu- 
facturing, and commercial. The stern principle of compe- 
tition is prominent in every department* of industry. The 
most strenuous activity is hardly sufiEicient, in the present 
day, to secure to the artisan, or his employer, a scanty re- 
turn for his labour or capital. Every invention, by which 
time is saved and business expedited, is seized with avidity,- 
and in self-defence. Every increased facility of produc- 
ti(A(i, though its inevitable tendency be to glut the market 
and to lower prices, yet, as it affords immediate gain to its 
possessor, is eagerly resorted to. If profit be reduced to 
the smallest per centage on capital, every one is active to 
realize this minimum, as expeditiously as possible: one 
step diminished in the process of a manufacture, or the 
saving of a few hours in the period of conveyance from 
one town to another, forms part of a nice calculation^ eve- 
ry small item in which must be attended to, in order to se- 
cure a very moderate remuneration. Hence all the con^ 
trivances for abridging labour, for shortening distances, and 
expediting returns. Every one is on the alert in his own de- 
partment, or he is left behind; the most active exertion being 
barely sufidcient to enable a man to maintain his station in the 
world. The race of competition is universal and unceasing, 
every manufacture striving against every other; cotton and 
silk and woollen reciprocally against each other, and against 
themselves, and iron against iron, in all its multifarious 
branches. Every class, and every individual, in every de- 
partment of industry, hurrying along, struggling with for- 
tune and the times, and jostling his fellow-sufferers; while 
the Land-owne^ boldly enters the list against the field — 
** Protection'^ his motto — viewing with complacency the 
desperate efforts of the rival competitors, and especially the 
never-ceasing race of population against subsistence — the 
great first mover in the busy drama. 

25 
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But how little soever to the taste of the contemplatiire 
mind may be the present condition and aspect of society, 
as constituting a vast trading community, the Liverpool 
and Manchester Railway presents one great object for our 
admiration, almost unalloyed by any counteracting or pain- 
ful consideration. We behold, at once, a new theatre of 
activity and employment presented to an industrious popu- 
lation, with all the indications of health and energy and 
cheerfulness which flow from such a scene. Or if we 
take a wider range, and anticipate the extension of Rail- 
ways throughout the country, intersecting the island in 
every direction where the interchange of commodities, 
or the communication by travelling, will warrant the cost 
of their establishment; if we look to the construction of 
only one hundred Railways, equal in extent to the Liver- 
pool and Manchester, comprising a line of three thou- 
sand miles, in various situations, and absorbing a capital of 
fifty or sixty millions of pounds sterling, what a source of 
occupation to the labouring community! what a change in 
the facility of giving employment to capital, and conse- 
quently in the value of money! 

But perhaps the most striking result produced by the 
completion of this Railway, is the sudden and marveUbus 
change which has been effected in our ideas of time and 
space, t Notions which we have received from our ances- 
tors, and verified by our own experience, are overthrown 
in a day, and a new standard erected, by which to form 
our ideas for the future. Speed — despatch — distance — are 
still relative terms, but their meaning has been totally 
changed within a few months: what was quick is now slow; 
what was distant is now near; and this change in our ideas 
will not be limited to the environs of Liverpool and Man- 
chester — it will pervade society at large. ♦Our notions of 
expedition, though at first having reference to locomotion, 
will influence, more or less, the whple tenor and business 
of life. In the commercial world, the first successful at- 
tempt to 'introduce fresh energy and despatch into the 
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system of our foreign trade was the institution of Packet 
SbipSy a few years ago^ to sail between New York and Li- 
verpool, on stated days, whether fully loaded or not. The 
conyenience, both to passengers and shippers of goods^ 
from knowing precisely the day of sailing, soon made the 
Packet Ships the favourite conveyance, and accordingly 
their numbers and destinations rapidly multiplied. But 
this improvement^ though great, was less open to general 
observation^ and its effects, therefore, less striking than 
what may be expected from the establishment of Railway 
conveyance and Locomotive Engines. A transition in our 
accustomed rate of travelling, from eight or ten miles an 
hour> to fifteen or twenty (not to mention higher speeds,) 
gives a new character to the whole internal trade and com- 
merce of the country. A saving of time is a saving of 
money. For the purposes of locomotion, about half the 
number of carriages will suffice, if you go twice the tpeed; 
or tilie aggregate travelling of the country may be doubl^^ 
or more than doubled, without any additional expense to 
the community. The same may be said of the number of 
wagons for the conveyance of merchandise. The saving 
of capital, therefore, in this department of business is con- 
siderable^ from expedition alone. A great part of the in^ 
land trade of the country is conducted by the agency of 
travellers; and here, what a revolution in the whole sys- 
tem ttid detail of business, when. the ordinary rate of tra- 
velling shall be twenty miles instead of ten, per hour* 
The traveller will live double times: by accomplishing a 
prescribed distance in five hours, which used to require 
/en, he will have the other five at bis own disposal. The 
man of business in Manchester will breakfast at bome"-^ 
proceed to Liverpool by the Railway, transact his business^ 
and return to Manchester before dinner* A hard day's 
journeying is thus converted into a morning^s excursion. 
It has been well observed^ in our public journals, that Man- 
chester is thus brought as near to Liverpool, as the east to 
the west end of London, whether we estimate vicinity by 
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the cost of conveyance^ or the time not unfrequently spent 
in effecting it Gradually the whole interns^l traffic of the 
country, with all the varieties of local intercourse, will as- 
sume a new character. Already a Railway, on a grand 
scale, is advertised from London to Birmingham, and from 
Birmingham to Liverpool; and thus is commenced that 
grand trunk, which will unite the north and the south, and 
bring into closer communication the Capitals of England^ 
Scotland, and Ireland. The rapid transit of intelligence, 
from one end of the country to the other, will not be the 
least important of the results to be accomplished; while 
the quick conveyance of merchandise will infuse new life 
into trade and manufactures. The grocer in Birmingham 
will receive his ponderous hogsheads of sugar or coffee 
with tibe celerity of a parcel by the post-coach; and the 
warkkotiseman in the Metropolis will be supplied with 
his bails of spring goods, from Manchester, in less time 
than he has been accustomed to receive his patterns by the 
flying van. 

But we must not confine our views to London, or Liver- 
pooly or Manchester : there can be no question that foreign 
countries will adopt the Railway communication, as one 
great step in mechanical improvement and commercial enter- 
prise. France and Germany and America have already their 
Railways ; and the Pasha of Egypt may be expected to follow 
close on the heels of his brother potentates. The country of 
the Pyramids, of Memphis, and of Thebes, shall then be ce- 
lebrated for Railways and Steam Carriages ; the land of the 
proud Mameluke or the wandering Arab, of Sphynxes and 
MummieSt will become the theatre of mechanical invention, 
science and the arts. The stately Turk, with his turban and 
slippers, will quit his couch and his carpet, to mount his En- 
gine of fire and speed, that he may enjoy the delight of mo- 
dem locomotion. So long is it, since a reward was offered 
to the inventor of a new pleasure, that some scepticism were 
excusable as to the possibiUty of any great and novel excite- 
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ment But the Locomotive Engine and Railway were i^^^ 
served for the present day. From west to east, and from 
north to south, the mechanical principle, the philosophy of 
the nineteenth century, will spread and extend itself. The 
world has received a new impulse. To the fortunate few, 
who are independent of times and circumstances, the present 
moment is a period of more than ordinary interest ; to the 
world at lai^e, it continues, as it was wont to be, a season of 
labour and difficulty. Whether the period will ever arrive 
when a whole community shall enjoy the pleasures and satis- 
factions to be expected from that happy combination of the 
powers and capabilities of the human race, which is concei- 
vable, but has hitherto been realized only by the Utopian the- 
orist : — whether we shall ever see united, the enei^, activity, 
and enterprise of a refined and commercial people, with the 
simpUcity and quiet enjoyment of philosophical Ufe, in its most 
favoured aspects ; — whether the period will sometime c<xne, 
when the fervour of an earnest enthusiasm — religious, moral, 
social — shall not be inconsistent with the calculations of the 
merchant, or the speculations of the political economist ; — 
when science and literature, commerce and the arts, and all 
the stirring influences of man's nature, in the highest state of 
wealth and civilization, shall be enlisted to promote the im- 
pjrovement and weU-being of the whole community; — when, 
by a happy alchemy, the iron and the golden age shall be 
amalgamated, and man be allowed to enjoy the benefits of two 
states of society, hitherto deemed incompatible, or at least 
separated, in our experience, by intervening centuries, if. in- 
deed either counterpart has ever been realized. — These are 
speculations which we may glance at, for a moment, in pass- 
ing, and foiget when the vision is gone. But the world and 
its inhabitants are constantly before us ; and here we find no 
pause or resting place — no period of uninterrupted enjoyment 
or repose, for the million. The genius of Watt, or Davy, or 
Stephenson, may improve the state of natiolis, or the fortunes 
of individuals, but it affects not the condition 9f the great 
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mass of the human face ; for this comHmmation wemiutlook 

to o&er sciences than cbemistvy and mechanics ; to the tardy 

overdurow of prejudice, and the slow progress of unpopular 

truth ; to the diffusion of that knowledge which teaches the 

laws and principles on which depend the moral, physical, and 

political condtti<Ni, the subsistence, and well-being of man* 

kind. 

Meanwhile, the genius of the age, like a migbty rirer of 

the new world, flows onward, full, rapid, and irresistible. 

The si»rit <tf the times must needs manifest itself in the pro^ 

giess of events, and the movement is too impetuous to be 

stayed, were it wise to attempt it Like the ^ Rocket'^ of 

fire and steam, or its prototype of war and desolatioik^-whe- 

tber the harbinger of peace and the arts, or the Engine of 

hostile attack and devastation — though it be a futile attempt 

to expose so mi^ty an impulse, it may not be unworthy our 

ambitioni to guide its progress and direct its course. 
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GENERAL ABSTRACT 

OF EXPENDITURE TO 31ST MAT, 1830. 

Advertiaiiig Account j8 332 1 4 

Brickmaking Account r. 9,724 4 4 

Bridge Account 99»065 U 9 

Charge for Direction 1,911 

Chai^ for Fendng 10^202 16 5 

Cait Establiahment 461 6 3 

Chat Ho88 Account « 27,719 11 10 

Cuttings and Embankments 199,763 8 

Carrying Department, compriang • 
Amount expended in Land and Buildiftgs 

for Stations and Depots. Warehouaea^ 

Offices, &c. at die Liverpool end £35,538 

Expended at the Manchester Station ^ 6,159 

Side Tunnel, being the approach to the 

Crown street Station.* 2,485 

GasLight Account, inducting cost of Pipes^ 

Gasometer, &c.... 1,046 

Engines, Coaches, Machines, &&. ....... 10,991 11 4 

56,219 11 4 

Formation of Road 20,568 15 5 

Iron Bail Account ^ 67,912 2 

Interest Account (balance) 3,629 16 7 

Land Account 95,305 8 8 

Office Establishment 4,929 8 5 

Parliamentary and Law Expenditure 28,465 6 11 

Stone Blocks and Sleepers. • 20,520 14 5 

Surreying Account ^.... 19,829 8 7 

Trayelling Expenses 1,423 1 5 

Tunnel Account ^ 34,791 4 9 

Tunnel Compensation Account 9,977 5 7 

Wagon Account 24,185 5 7 

Sundry Payments for Timber, Iron, Petty Disbursements, 

&c not included in the foregoing Accounts 2,227 17 3 

£739,165 5 
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OBSERVATIONS. 



Brickmarikg Accounts. — ^The greater part of these Bricks 
are fast using in the building of the Manchester Warehouses, 
Offices, &c. and some in completing the Bridges at each end of 
the line. 

Bridges. — The foregoing description of the several Bridges 
in a tabular form, I have thought would not be uninteresting, 
as affording a popular view of the kind of structures that may 
be expected to occur in similar undertakings. It will be seen 
that several of the Bridges are still unfinished, though fast ap- 
proaching their completion — for this purpose a fund is reserved, 
as per the estimate below. 

Chat Moss. — Under this head is comprised the earth-work 
from Bury lane Bridge to Legh's Occupation Bridge, on the 
east border of the Moss, a distance of 4| miles. The embank- 
ments in this space consist of about 277,000 cubic yards of 
moss earth, in the formation of which about 677,000 cubic yards 
of raw moss have been used; the difference in measurement 
being occasioned by the squeezing out of the superabundant 
water, and consequent consolidation of the moss. The expen- 
^liture on this district has been less than the average expendi- 
ture of the rest of the line. 

Cuttings and Embankments. — ^Under this head is com- 
prised the earth-work on the whole line, exclusive of the Chat 
Moss district. The Cuttings somewhat exceed the Embank- 
ings, the surplus is principsdly deposited along the border of 
the great Kenyon Cutting. The Excavations consist of about 
722,000 cubic yards of rock and shale (including some side 
cuttings at Eccles, to expedite and improve the consistency of 
the Barton Embankment,) and about 2,006,000 cubic yards of 
marie, earth, and sand. This aggregate mass has been re- 
moved to various distances, from a few furlongs, to between 
three and four miles^ and no inconsiderable portion of it has 
been hoisted up by machinery, from a depth of 30 to 50 feet, 
to be deposited on the surface above, either to remain in per- 
manent spoil banks, as at Kenyon, or to be afterwards carried 
to the next embankment, as at the deep rock cutting through 
Olive Mount; the process in this latter case being rendered ex- 

f»edient from considerations of increased expedition. Where 
and for the deposite of spoil banks has been purchased, the 
cost of the land forms part of the expenditure under this head, 
4uid a good deal of substantial and lofty walling in the deep 
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cHttings is also included. The xinavoldable expense of pnmp- 
'ing out the water from the several cuttings on the line auring 
a wet season, was adverted to in the text 

Formation of the Permanent Road. — ^This consists of 
what is termed ballasting the road*— -that is, depositing a layer 
of broken rock and -sand, about two* feet thick, viz. one toot 
b^atv the blocks, and one foot distributed between them, 
serving to keep them firm in their places. Spiking down the 
iron cnairs to the blocks or sleepers, fastening the rails to the 
chairs with iron keys, and adjusting the raUwaj to the exact 
width and curve and level, come under this head of expendi- 
ture. 

Iron Rail Account. — This expenditure comprises the foU 
lowing items: — 

Bails for a double way from Liverpool to Manchester, with 
occasional lines of communication, and additional side lines 
at the diiferent Depots, being- about 35 miles of double 
way, s= 3847 tons, at prices averaging something" less than 

£12 10s. per ton - - £48,000 

Cast iron Chairs, 1428 tons, at an average of £10 lOs. - 15,000 

Cost of Spikes and Keys, to festen the Chairs to the Blocks 

and the Rails to the Chair 3,830 

Cost of Oak Plugs for the Blocks 615 

Sundry Freights,. Cartages, &c. &c ..... 467 2 

£67,912 2 



Land.— This is a heavy item of expenditure. The price of 
land in the vicinity of large towns is usually high; and the out- 
lay was farther enhanced by numerous claims for compensa- 
tion, owing to the prejudice which a few years since existed 
against Railways, and especially against what now appears their 
peculiar recommendation— the Locomotive Engine. A great 
chance has taken place in this respect. At the close of 18^8 
the charge under this head was nearly £102,000, but a portion 
of this amount being for the Depots, has been transferred to the 
Carrying Department. 

Office Establishment.— This comprises the salaries of 
Treasurer and Clerks, OfBce Rent, Stationary, Printing, &c. 
since October, 1824. 

' Stone Blocks and Sleepers. — Out of the 31 miles, about 
18 are laid with Stone Blocks, and 13 with Wood Sleepers, 
oak or larch; these latter being laid principally across the Em- 
bankments, and across the two districts of moss. A conside- 
rable quantity of Wood Sleepers have been destroyed, una- 
voidably, in tne progress of the work. 

Surveying Account.— This comprises the cost of. Surveys^ 
Plans, &c. for the two applications to Parliament, in 1825 and 
1826; also the salaries of the Engineer, and principal Assist- 
ants, Stationary, &c. from the commencement of the under- 
taking. 

Travelling Expenses.— ^-This includes the cost of sundry 
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journeys and deputations to London, Darlington, Newcastle, 
&c. since 18^: also the cost of journeys of inspection on the 
line of Railway during the progress of the works. 

Tunnel Compensation Account. — ^This consists of com- 
pensation paid to parties under whose premises the Liverpool 
Tunnel is excavated, for damage, either real or supposed $ and, 
farther, of loss sustained on the resale of sundry houses and 
lands which the Company were required to purchase. There 
will be a credit to this account for premises resold to the ex* 
tent of about £2500. 

Wagon Account, — ^This expenditure is principallj for wa- 
gons used in the progress of the work. There will be a credit 
to this account from the resale of such wagons as cannot con- 
veniently be adapted to the future purposes of the Railway, and 
by a transfer of the remainder to the carrying department, at 
tneir estimated value* 

It will be observed that the statement of expenditure is up 
to the 31st of May, 1830. The Railway, however, will require 
a farther outlay to render it complete, though the Locomotive 
Engine has passed over every foot of ground from Liverpool to 
Saliord, The slopes of the Cuttings want dressing, ana seve- 
ral of them want protecting with foot walls. The permanent 
road way is not quite finished, and some portions that have 
been laid down require adjusting and relevellins;. The fencing 
also in portions of the line will be incomplete for some time. 

The Directors, in their Report dated 25th March last, esti- 
mated the total expenditure, including Warehouses, Machine- 
ry, and Carriages, at JS820,000, which may be apportioned as 
follows:— 

Expenditure, as aboTe» in actual payments, to 31st May . £739^165 5 

Outstanding engagements to the same date - - - , 7,500 '0 Q 
For Walling the Slopes in Sundry places, and completing 

permanent road 6,750 

For completing the Bridges, including the Irwell, JE6000, 
and Parapets of the Sankey Viaduct £1400, and com- 
pensation in lieu of Bridges 9,500 

Aoditional Epgines, Wagons, and Machinery, part under 

contract for delivery 17,000' 

Completing Stations, Wharves, Warehouses, Offices, &c. 25,000 

Fencing at sundry places 3,000 

Contingendes -.--.--- 12,084 15 

£820,000 



The public opening of the Railway is a subject of interest 
and inquiry. It is some time since coal for the Company's pur- 
poses was conveyed from the Elton Head Collieries, in Sutton, 
to the Crown street Station, in Liverpool j and on the 14th of the 
present month, (June,) an experiment was made which may be 
regarded as a preliminary measure to a general opening, well 
calculated to exhibit the peculiar character of Railway convey* 
ance, and to put to the test the capabilities of the Locomotive 
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Engine. On this occasion the Directors, in two of their car- 
riages (the one a- close glass coach, the other an open carriage) 
proceeded in a journey of inspection from Lirerpool to Man- 
chester and back. The Arrow Locomotive, one of the im- 
proved Engines on the Rocket principle, was the moving powen 
The gross weight drawn was about 33 tons, consisting as fol- 
lows: — 

Stone in seven Wagons 20 tons. 

Weight of Wagons 7 

En^e-tender and 6 persons - - - - 3 

Two Carriages and 20 persons - - . - 3 



99 
99 



33 tons. 

With this load she travelled from the Engine-House, Liverpool^ 
to Oldfield lane Bridge, Salford, Manchester, the distance be- 
ing about 29 miles, in 2 hours and 25 minutes, including two 
stoppages to take in water. Up the Whiston inclined plane she 
was assisted by the Dart, an Engine of similar construction and 
power, and the first quarter of a mile of the ascent was accom- 
plished at a speed of 17 miles per hour, which, however, de- 
creased to about 4 miles per hour before the summit was gained, 
the mile and a half bein§ accomplished in 12 minutes, me ave- 
rage speed, therefore, being seven and a half miles per hour. 
At the top of the ascent, the Dart was unjoked, and the Ar- 
row proceeded with her cargo along the straight and level plane 
at Rainhill at the Rate of 16 miles per hour. On the return 
from Manchester, the Engine-tender and the two Carriages with 
passengers constituted the whole load drawn. The first nine and 
a quarter miles from Oldfield lane Bridge to Glazebrook Bridge, 
including the Chat Moss district, were accomplished at a speed 
averaging from 19 to 20 miles per hour. The whole distance 
was accomplished in 1 hour and 46 minutes, including stop* 
pages, the speed generally varying from 18 to 25 miles and up- 
wards per hour, and the Engine not working to her full power, 
a great portion of the way. The speed up the Sutton inclined 
plane, (without any assistant Engine,) averaged more than 15 
miles per hour. The day was wet, and the rails, in places, 
very dirtyj the whole performance, therefore, took place under 
circumstances by no means favourable^ but the result was high- 
ly satisfactory. 

It will now be at the discretion of the Directors to name the 
day when they shall consider the Railway in that state of com- 
pleteness which may render expedient the public conveyance 
of passengers or merchandise, either the whole distance, or 
along part of the line in the first instance. It may be sufficient 
to refer the date of the opening of the Liverpool and Manches- 
ter Railway to the summer of 1830. 

Liverpoolj Juncy 1830. 

On Saturday last (^December Ist^ 1830,) the Planet Locomo- 
tive Engine (one of Mr. Stephenson's) took the first load of 
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merchandise which has passed aloDg the Railway from Liv^pool 
to Manchester. The train consisted of 18 wagons, containing 
135 bags and bails of American cotton, SOO barrels of iour, 63 
sacks of oatmeal, and 34 sacks of malt, weighing altogether 51 
tons 11 cwt. 1 qr. To this must be added the weignt of the 
wagons and oil cloths, viz. 28 tons 8 cwt. 3 qrs., the tender, 
water, and fuel, 4 tons, and of 15 persons upon the train, 1 ton, 
making a total weight of exactly 80 tons, exclusive of the En- 
gine, about six tons. The journey was performed in 2 hours 
and 54 minutes, including three stoppages of five minutes each, 
(only one being necessary under ordinary circumstances,) for 
oiling, watering, and taking in fuel; under the disadvantages 
also of an adverse wind, and of a great additional friction in 
the wheels and axles, owing to their being entirely new. The 
train was assisted up the Rainhill inclined plane, by other En- 
gines, at the rate of 9 miles an hour, and descended the Sutton 
incline at the rate of 16|^ miles an hour. The average rate of 
the other part3 of the road was 12^ miles an hour, the greatest 
speed on the level being 15|^ miles an hour, which was main- 
tained for a mile or two at different periods of the journey* 
The road, we understand, will be opened for the general carry- 
ing business in the course of a few weeks, when a farther sup- 
ply of Engines is expected; the above experiment having been 
made, in the mean time, for the purpose of ascertaining the pow- 
ers of the present Engijies, and of removing some doubts which 
have been most unaccountably entertained as to the practicabi- 
lity of transporting cotton and other bulky artiples along the 
Railway. Taking this performance as a fair criterion, which 
there is no reason to doubt, for Engines of the same class as 
the Planet (with the assistance of one large Engine, construct- 
ed for the purpose, up the inclined plane,) would be capable of 
taking upon the Railway, all the cotton which passes between 
Liverpool and Manchester. 

On Saturday last, {December 15/A, 1830,) another n^w En- 
gine, by Mr. Stephenson, constructed on the same principle as 
uie Northumbrian, and named the Majestic, was placed upon 
the road, making in all ten in use; and an eleventh is expected 
from Newcastle. The wheels of the Majestic are made entire- 
ly of wood, which is found to be less liable to accident than 
metal; and the metal wheels of the other Engines and tenders 
are about to be exchanged for wooden ones. The steamers on 
the Railway have conveyed about 60,000 passengers, and have 
traversed a. distance of 28,620 miles, or 954 trips from Man- 
chester to Liverpool and back, from the 16th of September to 
the 7th of December inclusive, during which period there have 
only been eleven instances of the journey exceeding, by half 
an hour, the time fixed for its performance. 



THE END. 
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